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1 
INTRODUCTION 
The experimental development and bionomics of Cor.ynosoma 
constrictum Van Cleave, 1916, an acarithocephalan of North 
American waterfowl, is herein elucidated. Prior to this 
investigation, no life cycles of avian species of Corynosoma 
have been reported, although the cycle of one species para­
sitizing mammalian hosts is known. 
All major work involved in this study was conducted 
during 1964-1967 at the loya Lakeside Laboratory in north­
west Iowa, where abundant lakes and marshes afford excellent 
habitat for a variety of invertebrate hosts of Acanthocephala. 
Numerous amphipods, Hyalella azteca Saussure, infected with 
bright orange juveniles were observed swimming and feeding 
among rooted aquatics of the benthos. The frequency of 
these infected crustaceans, coupled with constant recovery 
of conspicuous orange adult acanthocephalans from migratory 
waterfowl, suggested that both intermediate and definitive 
hosts of Corynosoma occur in this region. 
, Life history studies of acanthocephalans from game 
birds are of significance not only as an aspect of wildlife 
management, but afford insight into host-parasite relation­
ships, thereby clarifying certain phylogenetic affinities 
of these unusual helminths. 
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HISTORICAL REVIEW 
Acanthocephala were first described and illustrated by 
Leeuwenhoek and Redi at the close of the seventeenth 
century (Meyer, 1932-33), and following their reports, 
many authors placed acanthocephalans with already-known 
phylogenetic groups including cestodes, trematodes, 
sipunculids, and nematodes. However, recognition of 
spiny-headed worms as unique organisms^came as a result 
of systematic studies of Koelreuther (1771) and Muller 
(1776). The former investigator established the first 
valid generic name for an acanthocephalan, namely 
Acanthocephalus, taken from a fish. An independent sys­
tematic and morphological investigation by Muller five 
years later resulted in the erection of the genus 
Echinorhynchus. Unfortunately, this genus, rather than 
Koelreuther's Acanthocephalus, was erroneously cited by 
later authors as the first-named genus of acanthocephalans. 
In acanthocephalan systematics, the prolific period from 
1780 to 1820 was replete with descriptions of new species 
bearing the label Echinorhynchus. By I8OO, Zeder had pro­
posed the name "Hakenwiirmer" for this unusual helminth 
group, and six years later Rudolphi changed the name to 
Acanthocephala (Gr., akantho, spiny; kephalo, head), which 
remains to this day. Following Muller's early descriptions 
(1776, 1778), the next significant systematic work of 
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thorny-headed worms was that of Westrvunb in 1821. His was 
the first monographic treatment of structure and physiology 
of Acanthocephala. Despite abundant evidence that anatomical, 
histological, physiological, and ecological criteria might 
be used in determining higher systematics, taxonomic advances 
at the generic level and above did not ensue. 
However, in 189I Otto Hamann differentiated two new 
genera, Gigantorhynchus and Neorhynchus (=Neoechinorhynchus), 
in addition to the now unwieldy genus Echinorhynchus, thereby 
initiating separation at the generic level. Later new genera 
were erected by Luhe (1904, 191I), Van Cleave (1916b), 
Travassos (1926), Thapar (1927), and Meyer (1931), further 
facilitating taxonomic advances. Luhe employed the following 
morphological criteria for specific diagnoses: body shape 
and spination, proboscis shape and size, structure and number 
of proboscis hooks per row, number of rows, type of proboscis 
receptacle, shape and size of lemnisci, number of lemniscar 
nuclei, and size, shape, and position of genitalia. These 
criteria are still employed in acanthocephalan systematics. 
Families, subfamilies, and orders of acanthocephalans 
were systematically structured by Van Cleave (1916b) and 
Travassos (1926). Nomenclature proposed by Travassos was 
commonly adhered to until 1931, when Anton Meyer presented 
a monographic revision of acanthocephalan taxonomy. In 
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this work, Meyer erected two orders, Palaeacanthocephala 
and Archiacanthocephala, into which he placed all known 
acanthocephalans. However, this unfortunate dichotomy was 
shown by Van Cleave (1936, 1947b) to be morphologically 
and ecologically untenable with previously established 
concepts of acanthocephalan nomenclature. Therefore, he 
proposed that acanthocephalans be placed in a separate 
phylum, this phylum to include two classes, Metacantho-
cephala and Eoacanthocephala. The former class contained 
two orders, Palaeacanthocephala Meyer (1931) and Archi­
acanthocephala Meyer (1931), as emended by Van Cleave in 
1936; the second class also included two orders, Gyracantho-
cephala and Neoacanthocephala Van Cleave (1936). These 
classes were erected on the basis of host relationships, 
and type of cement glands in the male. 
Recent comprehensive classifications of acantho­
cephalans include those of Petrochenko (1956, 1958), 
Golvan (1957-1961), Golvan and Houin (1963, 1964), and 
Yamaguti (1963). Petrochenko and Yamaguti based their 
revision of Acanthocephala upon tv/o factors, namely: 
habitat of the host (terrestrial or aquatic) and position 
of the host on the evolutionary scale. With due regard 
to Yamaguti's contribution to knowledge of the phylum, 
this writer agrees with Golvan, that Yamagutl's freedom 
in altering ancient names detracts from his clarity of 
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purpose. In addition, I agree that Yamaguti's criticisms 
of Meyer and Van Cleaves' work may be leveled with equal 
validity at his system e.g., too much emphasis is placed 
upon one or two criteria. Despite the difficulties in 
choosing meaningful taxonomic criteria, however, Golvan 
(1957-1961), in an excellent series of studies on acantho-
cephalans, seems not only to have supported, but to have 
provided additional understanding of the taxonomic treat­
ments proposed by the early specialists. Van Cleave and 
Meyer, Because of his lucid arguments and thoroughness 
of investigation, I have therefore accepted Meyer's (1931) 
and Van Cleave's (1936) original classifications as emended 
by Golvan (19?7) and his associates (1957-1964). 
Prior to 1862, when the first systematic studies of 
acanthocephalan life cycles were initiated, developmental 
histories were considered primarily as adjuncts of sys­
tematic investigations. Earliest systematic life history 
investigations were those of Leuckart (1862, 1873j I876), 
Greeff (l864), Schneider (I871), Kaiser (1893), and Grassi 
and Calandruccio (1888). Table 1 enumerates known develop­
mental histories to date in the Class Palaeacanthocephala. 
Acanthocephalans parasitizing aquatic vertebrates, 
especially birds and mammals, belong to the Class Palae­
acanthocephala. Within this class, there are at least ten 
known experimental life cycles, four additional natural 
Table 1. Life histories: Class Palaeacanthocephala 
Species Definitive hosts Intermediate hosts 
Acanthocephalus lue11 
Corynosoma constrlctum 
Corynosoma humannl 
Corynosoma semerme 
Corynosoma similis 
Echlnorhynchus coregoni 
Echinorhynchus glgas 
Echlnorhynchus thecatus 
Echinorhynchus truttae 
Plllcollls anatls 
Plllcollls anatls 
Gordlorhynchus Itatslnls 
Leptorhyncholdes thecatus 
Polymorphus botulus 
Polymorphus formosus 
Polymorphus kentl 
Polymorphus magnus 
Polymorphus magnus 
Polymorphus mlnutus 
"Fish" 
Anas p. platyrhynchos 
Anas dlscors 
Cavla porcellus 
Phoca sp. 
Erlgnathus sp. 
Delphlnapterus leucas 
Coregonus clupeaformls 
Cltellus mongollcus 
Mlcropterus dolomleul 
Tringa glareola 
Phllomachus pugnax 
Mus musculus 
"Ducks" 
Mustela 1. Itatsl 
Ambloplltes rupestrls 
Somateria mollissima 
Anas platyrhynchos domestlca 
Larus sp. 
Anas platyrhynchos domestlca 
Anas platyrhynchos domestlca 
"Ducks" 
Asellus aquatlcus 
Hyalella aztéca 
Rhigophlla dearbornl 
Pontoporeia afflnis 
Osmerus dentex* 
Pontoporeia hoyl 
Chlaenlus palllpes 
Hyalella knlckerbockeri 
Asellus aquatlcus 
Isopods 
Mustela 1. itatsl 
Hyalella azteca 
Carclnus sp. 
Macrobachium sp. 
Emerlta sp. 
Gammarus lacustrls 
Gammarus sp. 
Gammarus sp. 
ON 
Second intermediate host. 
Table 1. (Continued) 
Species Type infection 
N = natural 
E = experimental 
Acanthocephalus lucii N - E 
Corynosoma constrictum N - E 
Corynosoma hamanni E 
Corynosoma semerme N 
Corynosoma similis N 
Echinorhynchus coregoni N 
Echinorhynchus gigas N - E 
Echinorhynchus thecatus N - E 
Echinorhynchus truttae E 
Pilicollis anatis E 
Filicollls anatis N 
Gordlorhynchus itatslnis N 
Leptorhynchoides thecatus N - E 
Polymorphus botulus N 
Polymorphus formosus N 
Polymorphus kentl N 
Polymorphus magnus N - E 
Polymorphus magnus E 
Polymorphus minutus N - E 
References 
Leuckart, 1876 
Kelthly, this study 
Holloway, I966 
Nybelin, 1924 
Neiland, I962 
Van Cleave, 1920 
Ono, 1934 
Van Cleave, 1920 
Awachie, 1966 
Styczynska-Jurewlcz, 1958b 
Kotel'nikov, 1959 
Kanda, 1958 
DeGiustl, 1949b 
Rayski & Garden, 196I 
Schmidt & Kuntz, 1967 
Reish, 1950 
Petrochenko, 1949 
Kovalenko, 196O 
Greeff, 1864 
Table 1. (Continued) 
Species Definitive hosts Intermediate hosts 
Polymorphus minutus 
Polymorphus minutus 
Polymorphus minutus 
Polymorphus paradoxus 
Polymorphus phlppsl 
Pomphorhynchus bulbocolli 
Pomphorhynchus bulbocolli 
Pomphorhynchus laevis 
Profilicollis botulus 
Prosthorhynchus formosus 
Anas platyrhynchos domestlea 
"Ducks" 
Anas p. platyrhynchos 
Aythya collaris 
Castor canadensis 
Ondatra zibethicus 
Somaterla mollissima 
Esox lucius 
Catostomus commersonl 
Esox lucius 
Somaterla mollissima 
"Chicks", turkeys" 
Gammarus p. pulex 
Gammarus lacustris 
Gammarus lacustris 
Gammarus pulex 
Amphlpods 
Gammarus locusta 
Gammarus sp. 
Hyalella azteca 
Tinea vulgaris 
Hyas araneus 
Pagurus pubescens 
Armadillidium sp. 
Porcellio sp. 
\ 
Table 1. (Continued) 
Species Type infection References 
N = natural 
E = experimental 
Polymorphus minutus N - E Nicholas & Hynes, 1958 
Polymorphus minutus N - E Romanovski, 1964 
Polymorphus minutus N Crompton & Harrison, 1965 
Polymorphus paradoxus N Connell & Corner, 1957 
Polymorphus phippsi N Van Cleave & Rausch, 1951 
Pomphorhynchus bulbocolli N Leuckart, l862 
Pomphorhynchus bulbocolli N - E Jensen, 1952 
Pomphorhynchus laevis N - E Riquier, 1909 
Profilicollis botulus N Uspenskaia, i960 
Prosthorhynchus formosus E Schmidt & Olsen, 1964 
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cycles, and reports of two attempted cycles. Of these l6, 
ten deal with members of the Family Polymorphidae, in which 
worms characteristically are armed with cuticular spines 
on the anterior portion of the trunk. This family consists 
of tvjo subfamilies, namely, Polymorphinae and Corynosominae. 
They are differentiated chiefly from one another by the 
presence of genital spines in the subfamily Corynosominae, 
and lack thereof in the subfamily Polymorphinae. Except 
for one known naturally occurring cycle of Corynosoma 
from mammals, all remaining cycles in the Family Poly­
morphidae occur within the subfamily Polymorphinae. 
Greeff (l864) hypothesized the first life cycle of 
the family Polymorphidae through his observations in 
nature, and verified the cycle by laboratory feeding 
experiments. After observing developmental stages of 
Polymorphus minutus within gammarid haemocoels, and after 
feeding infected amphipods to ducks, Greeff was able to 
recover immature worms from the intestines of these birds. 
Hynes and Nicholas (1957) and Romanovskl (1964) provided 
additional experimental evidence for this cycle by studying 
developmental stages within intermediate hosts Gammarus p. 
pulex and Gammarus lacustris, respectively. Petrochenko 
(1949) and Kovalenko (196O) both reported the natural and 
experimental cycle of Polymorphus magnus, using gammarids 
as intermediate hosts, and domestic ducks as suitable 
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definitive hosts. Two natural cycles of polymorphids have 
been studied by Reish (1950) and by Rayski and Garden 
(1961). The former author observed intermediate stages 
of Polymorphus (Profilicollis) kenti within the sand crab 
(Emerita), and found adult acanthocephalan in gulls 
(Larus sp.) on the west coast of the United States. 
Rayski and Garden recorded Polymorphus (Profilicollis) 
botulus in shore crabs (Carcinus), and elder ducks 
(Somaterla mollissima). 
Thirty-three Corynosoma spe-eles occur within the sub­
family Corynosominae. Fifteen are limited to aquatic birds, 
and 18 parasitize aquatic nammals. Investigations of 
Corynosoma date back to Burow (1836), who showed that eggs 
of C. strumosum leave the female by way of a vaginal exit 
rather than by being discharged anteriorly, an early 
erroneous assumption. Luhe (1904) is credited with the 
conception of the name Corynosoma, and illustrated C. 
strumosum as the type species. Although there was much 
confusion concerning this first naming of Corynosoma, Van 
Cleave (1945c) has critically reviewed and corrected early 
errors of citation. 
Avian species of Corynosoma from England (C^. pyriformis), 
Europe (C. peposacae), and North Africa (C. tunitae) had 
been described prior to evidence of the presence of the 
genus in North America. Corynosoma constrictum, the first 
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valid species of Corynosoma from North American waterfowl, 
was named and described by H. J. Van Cleave In 1918. To 
date, there have been three additional species described 
from this continent, namely: Ç. anatarium Van Cleave (1945b), 
C. mergl Lundstrom by Rausch, 1951, and Ç. bipaplllum 
Schmidt (1965a). Although a variety of definitive hosts 
have been reported for these species (i.e., ducks, coots, 
mergansers, shore-birds, rails, and gulls, and speculation 
that crustaceans, probably amphipods, serve as intermediate 
hosts), no life cycles of avian species of Corynosoma have 
been heretofore elucidated. An alphabetical list of all 
known avian species of the genus Corynosoma, their char­
acteristic hosts, measurements, and reference are given in 
Table 2. 
One natural cycle utilizing mammalian hosts is known, 
however. Larvae of Corynosoma semerme, within the inter­
mediate host Pontoporeia affinis (Amphipoda), were reported 
in Europe by Nybelin (1924), and definitive hosts of the 
aquatic mammalian genera Phoca, Erignathus, and Callorhinus, 
have been reported for adult C. semerme by various workers 
(Golvan, 1959b). In his study of Alaskan species of 
Corynosoma, Neiland (1962) has suggested that Immature C. 
similis recovered from the white whale (Delphlnapterus 
leucas) and the fur seal (Callorhinus urslnus) use rainbow 
smelt (Osmerus dentex) as second intermediate hosts. First 
Table 2. Avian species of Corynosoma 
Species Definitive hosts Intermediate hosts Size: Males^ 
anatarium 
bipapillum 
constrictum 
constrictum 
constrictum 
c la va turn 
enrietti 
gravida 
iheringi 
mergi 
mergi 
peposacae 
peposacae 
phalacrocoracis 
phalacrocoracis 
pyriformis 
"Duck" 
Larus Philadelphia 
Oidemia americana 
Aythya affinis 
Aythya acuta 
Melanitta f. deglandi 
Anas p. platyrhynchos 
Anas disoors 
Phalacrocorax ater 
Phalacrocorax varius 
Microcarbo melanoleucus 
Nettion brasiliensis 
Phalacrocorax auritus 
Poeciloneta bahamensis 
Mergus serrator 
Mergus serrator 
Phalacrocorax carbo 
Cepphus grylle 
Metopiana peposaca 
Metopiana peposaca 
Nettion brasiliensis 
Phalacrocorax pelagicus 
Phalacrocorax c. sinensis 
Turdus merula 
? 
9 
9 
? 
7 
9 
Hyalella azteca 
Hyalella azteca 
9 
? 
9 
? 
9 
? 
9 
? 
? 
9 
? 
9 
4.0-8.6 X 0.9-1.7 
3.0-4.0 X 0.5-0.7 
2.3-4.3 X 0.5-0,6 
6.0-9.0 ? 
4.5-7.0 X 0.7-1.0 
3.8-6.9 X 0.3-1.0 
1.4 X 1.4 
7.0-9.5 X 1.5-2.5 
(Original not available) 
5.5-6.5 X 1.0 
4.6-4.9 X 1.3-1.5 
2.3 X 0.9 
8.5-11.0 ? 
6.0 X 1.0-1.5 
6.5-7.5 X 2.0-2.5 
3.8 X 1.1 
(Not given) 
&A11 measurements in mm. 
Table 2. (Continued) 
Species Size: Females^ 
anatarium 
bipapillum 
constrictum 
oonstrictum 
constrictum 
clavatum 
enrietti 
gravida 
iheringi 
mergi 
mergi 
peposacae 
peposacae 
phalac rocoracis 
phalacrocoracis 
pyriformis 
4.0-8.6 X 0.9-1.7 
3.0-4.0 X 0.5-0.7 
3.3 X 0.8 
? ? 
6.5-8.0 X 1.0-1.5 
5.5-11.5 X 0.5-1.5 
3.3 X 0.7 
8 .5-11 .0  ?  
6.0-7.0 X 1.0-1.5 
? ? 
? ? 
(Not given) 
9.0-14 X 2.0-3.0 
(Original not available) 
6.0-8.0 X 1.0 
6.0-7.7 X 1.7-1.9 
? ? 
Proboscis hooks 
Rows Per row 
References 
14 8-9 Van Cleave, 1945b 
18-20 9-10 Schmidt, 1965a 
16 10-12 Van Cleave, 1918 
16 10-12 Schmidt, 1965a 
16-18 10-12 Keithly, thib otrtidy 
16-18 10-12 
14 10-11 Goss, 1941 
20 8 Molfi & Preitas, 1953 
? ? Yamagutl, 1963 
? ? Machado-Pilho, 196I 
15-16 8-10 LundStrom, 1941 
16 9 Belopolskaia, 1959 
14 ? Porta, 1914 
l4-l8 12-14 Travassos, 1926 
17 10-12 Yamaguti, 1939 
16 12-13 Belopolskaia, 1959 
Elmhirst, I91I 
Table 2. (Continued) 
Species Definitive hosts Intermediate hosts Size : Males^ 
semerme "Birds" Pontoporeia affinis 3.0 x 0.7-1. 0 
sudusuche Clangula h. pacifica ? 3.4 X 1.0-1. 5 
tunltae Sula.basSana 9 5.0 ? 
tunitae Phalacrocorax àfrlcanus 9 ? ? 
turbid"uin Phalacrocorax neglectus ? 4.0 ? 
Table 2. (Continued) 
Species Size; Females^ Proboscis hooks References 
Rows Per row 
semerme 
sudusuche 
tunitae 
timitae 
turbidum 
3.0 X 0.7-1.0 
4.0-4.5 X 1.7-1.8 
? ? 
? ? 
9 9 
22-24 
16-18 
18 
16 
16 
12-13 
11-12 
10 
9-10 
11-12 
Porssell, 1904 
Belopolskaia, 1959 
Weiss, 1914 
Van Cleave, 1936 
Van Cleave, 1938a 
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Intermediate hosts for thli species are unknown. Neither 
of these tv;o cycles has been experimentally verified. 
Holloway {1966) attempted to experimentally infect guinea 
pigs (Cavia porcellus) with juveniles of hamanni, using 
encysted worms from fish mesenteriesj To date, he has not 
reported successful establishment of infections in the 
laboratory, although one of 12 pigs fed juvenile C. hamannl 
yielded three immature female Worms. In addition. Hollo-
way's attempts to infect the amphipod Orchomenella plebs 
rossi with eggs of Corynosoma hamanni proved unsuccessful. 
Morphological characteristics employed by Luhe (19II) 
for delimiting genera of Acanthocephala have been found 
inadequate when applied to the genus Corynosoma. The 
presence of a genital vestibule with genital spines has 
been established by Van Cleave (1945c) as the only sound 
diagnostic criterion for this genus, and this view is up­
held by Petrochenko (1958) and by Golvan (i960). Van 
Cleave believed that the apparent absence of genital spines 
in both sexes due to the inversion of the genital vestibule, 
or their loss in females following removal of the copulatory 
cap, did not invalidate the above criterion. His view is 
supported by Schmidt's (1965b) and by my observations that 
evidence for the presence of spines (even though they may 
be lacking) is always shown by tissue damage in the hypo­
dermic of female worms. 
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Recognition of species of Corynosoma has been difficult 
because of inadequate descriptions by workers due to the 
migratory nature of definitive hosts, and frequent absence 
of intermediate host specificity. Problems of identity and 
synonomy may be partially solved if precise measurements 
and morphological details are obtained from worms experi­
mentally reared in the laboratory. These specimens may 
then be used as models to help determine relationships of 
species found in natural habitats. Because of the lack of 
geographical barriers to distribution of Corynosoma, a large 
number of potential vertebrate and Invertebrate hosts exist 
for species of this genus. The foregoing are reasons why 
some authors consider acanthocephalans a relatively new 
parasitic group, with extreme flexibility, and also why 
experimental life histories of Corynosoma may be valuable 
in determining the validity of this genus among other genera 
of Polymorphldae, as well as establishing the validity of 
species within the genus. 
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MATERIALS AND METHODS 
Eggs of Corynosoma constrictum used for experimental 
feedings were initially obtained from worms in two naturally-
infected hosts, namely: adult blue-winged teal (Anas discors) 
collected at several lakes and sloughs in northwest Iowa, 
and adult lesser scaup (Aythya affinis) from Jemmerson 
Slough, near Spirit Lake, Iowa. All hosts collected were 
shot, and were then dissected in the laboratory. Acantho-
cephalans were removed from the small intestine, and were 
placed in avian Ringer's solution. 
Worms from infections established in experimental 
definitive hosts were obtained from ducks sacrificed by 
anesthesizing or decapitating. Following dissection in 
the laboratory, worms were removed, and eggs of £. constrictum 
obtained either by puncturing gravid females or by dissecting 
them. Female v;orms sacrificed were fixed in warm Bouin's, 
AFA, or glycerine alcohol under slight coverslip pressure. 
Specimens fixed in glycerine alcohol were mounted unstained 
in glycerine Jelly, whereas those fixed in Bouin's or AFA 
were stained with Mayer's paracarmine and fast green. 
Following preliminary experiments in which eggs of 
several female worms were pooled, a single gravid worm was 
placed in a stender dish of distilled water, and allowed to 
inflate. With the use of a dissecting microscope, needles, 
and capillary pipettes, eggs from this female were trans­
20 
ferred to a Petri plate for subsequent exposure to amphipods. 
To determine viability of eggs, a small sample was placed 
on a slide, to which was added a droplet of body fluids from 
crushed amphipods. These ipreparations were examined under 
oil immersion for signs of acanthor movement. 
Laboratory-reared amphipods, Hyalella azteca, the first 
intermediate hosts for C. constrictum, were maintained in 
aquaria containing artificial spring water, and were fed 
algae and yeast as needed. Sand and elm leaves were added 
to aquaria to provide substrate and protection for younger 
amphipods. 
After preliminary experiments to determine optimum 
exposure time, groups of ten Hyalella azteca were allowed 
to feed for two hours on eggs pipetted onto boiled elm 
leaves, within Petri plates of spring water. After expo­
sure, amphipods were removed, and each group was rinsed for 
an hour in each of three changes of distilled or artificial 
spring water. Amphipods were maintained in pint plastic 
containers of artificial spring water kept at 21-23^C. Elm 
leaves and Brewer's yeast were placed in the containers, and 
changed with the water every two days. 
Studies of acanthellae and juveniles from laboratory-
infected amphipods were made from both living and fixed 
specimens. Living acanthellae were observed in stender 
dishes of spring water for evidence of morphological differ-
21 
entiatlon. For observations of fixed specimens, crustaceans 
were periodically removed from containers, fixed In warm 
Bouln's, 10 percent formalin, or Carnoy's solution, and 
serially sectioned at eight microns. Sections stained for 
nuclear detail were prepared using Peulgen's stain and fast 
green, or Heldenheln's Iron hematoxylin and eosln. Other 
sections for tissue studies were stained with Harris' 
hematoxylin and eosln, or in Mallory's, Gomorl's, or 
Heldenheln's azan triple stains. Measurements of develop­
mental stages were made from specimens within experimentally-
infected, laboratory-reared amphlpods fixed in Bouln's, APA, 
and 10 percent formalin. 
Experimental definitive hosts in which £. constrictum 
developed included laboratory-reared mallards (Anas platy-
rhynchos) and blue-winged teal (Anas discors), varying in 
age from three days to one year. One-day-old mallards 
were purchased from a commercial dealer, kept within a 
brooder, and initially were fed a mixture of non-antibiotic 
mash and water. At seven weeks, an equal mixture of cracked 
corn and mash was fed to the ducklings. Seven eggs from an 
abandoned nest of blue-winged teal were brought into the 
laboratory, and three were hatched In a brooder. These 
ducklings were treated as previously described, and both 
groups began feeding three to four days after hatching. 
After exposure, or at seven weeks development, the 
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ducks were separated and placed in individual wire cages. 
Young ducklings were allowed to feed on infected Hyalella 
azteca from finger bowls of spring water containing the 
amphipods. Older birds were force fed with a long plastic 
pipette. Feces were checked daily for the presence of 
developing worms, after droppings had been washed through 
a 0.28 mm sieve. . 
Experimental worms recovered from intestinal tracts 
of hosts were placed in distilled water until fully extended, 
then fixed immediately in warm Bouin's, APA, 10 percent 
formalin, Zenker's, or Carnoy's solution. Whole mounts 
were stained with Mayer's paracarmine and fast green. Sec­
tions prepared from specimens fixed in above mentioned 
solutions were stained with Harris' hematoxylin and eosin, 
iron hematoxylin and eosin, or one of several triple stains 
previously given. 
Drawings were made with the aid of a Leitz micropro-
jector, or were drawn to scale using a grid ocular and 
graph paper. 
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SUMMARY OP LIFE CYCLE 
In the experimentally-determined life cycle of 
Corynosoma constrlctum, the amphipod Hyalella azteca 
serves as a suitable intermediate host; dabbling ducks 
Anas dlscors (blue-winged teal) and Anas platyrhynchos 
(mallard) serve as definitive hosts. Embryonated eggs of 
this species hatch upon ingestion by the amphipod host, and 
acanthor penetration of the gut wall may occur two hours 
after ingestion. Characteristic orange acanthellae appear 
in the amphipod haemocoel within three days, and infective 
Juveniles resulted 34 - §5 days post-infection. 
Ingestion by laboratory-reared ducklings of infective 
amphipods, harboring well-developed Juveniles, results in 
recovery of mature males of C. constrictum I5 days post­
infection, and recovery of gravid females at approximately 
30 days. Maturation of worms occurs within the lower third 
of the duck small intestine. 
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DEFINITIVE HOSTS 
Natural Infections 
Avian species of Corynosoma are cosmopolitan, exhibiting 
little definitive host specificity. A search of the litera­
ture indicates that representatives of this genus have been 
recovered from at least six avian orders, namely: Anseri-
formes (lamellate-billed swimmers), Pelecaniformes (toti-
palmate swimmers), Charadriiformes (shore birds, gulls, and 
auks), Grulformes (marsh birds), Ciconliformes (deep water 
waders), and Passeriformes (perching bir-ds). Host records 
for Corynosoma of birds indicate that the majority of known 
species occur within two orders, Anseriformes and Pelecani-
formes. Geographical distribution of the genus is world­
wide, chiefly because of the lack of physical barriers to 
dispersal of migratory waterfowl. Broad host tolerances 
(both definitive and intermediate) allow perpetuation of 
avian genera of Corynosoma where favorable interaction of 
suitable hosts occurs. In this manner, distribution of the 
genus extends far beyond geographical limitations which 
might be imposed by a single definitive host species. 
In an analysis of avian species of Corynosoma from 
North America, Van Cleave (1945b) reported two species, 
Corynosoma constrlctum and Corynosoma anatarium, from water-
birds. Ten definitive host species (nine of which were 
anatld ducks) from 11 states were recorded for C. constrlctum. 
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whereas Van Cleave's new species, C. anatarium, was reported, 
only from an unidentified duck in Texas. Since 1945, at 
least two other species have been reported from this conti­
nent, namely: C. mergi Lundstrom from the Pacific eider 
(Somateria v-nigra) in the state of Washington (Van Cleave 
and Rausch, 1951), and Ç. bipapillum Schmidt from Bonaparte's 
gull (Larus Philadelphia) in Alaska (Schmidt, 1965a). 
Corynosoma constrictum Van Cleave is the most widely 
reported species of avian Corynosoma from North American 
waterfvwl. Prom Table 3, it can be seen that this species 
is known from one family in each of two avian orders; i.e.. 
Order Anseriformes, family Anatidae, and Order Gruiformes, 
family Rallidae. 
In this study, 85 birds representing nine species from 
the order Anseriformes, family Anatidae, and one species 
from the order Gruiformes, family Rallidae, were examined 
for the acanthocephalan Corynosoma constrictum (Table 4). 
All hosts were collected in northwestern Iowa. Two species, 
the wood duck (Aix sponsa) and the greater scaup (Aythya 
marila nearctlca), represent new host records. 
Incidence of infection may be expressed in terms of 
the percentage of birds infected (extensity), and the 
average number of worms per infected host (intensity). 
Birds in this study are placed in juvenile and adult cate­
gories for comparative purposes. Juveniles include those 
individuals one through seven weeks old. Age determinations 
Table 3. Knovvn definitive hosts and geographical distribution for Corynosoma 
constrictum in North America 
Host species Geographical location Reference 
Order Anseriformes 
Family Anatidae 
Tribe Anatini 
Domestic duck 
Gadwall 
Mallard 
Pintail 
Shove1er 
Illinois, U.S.A. 
Kansas, U.S.A. 
Manitoba, Canada 
Texas, U.S.A. 
Illinois, U.S.A. 
Iowa, U.S.A. 
British Columbia, Canada 
Illinois, U.S.A. 
Wisconsin, U.S.A. 
Michigan, U.S.A. 
British Columbia, Canada 
Alaska, U.S.A. 
Manitoba, Canada 
Iowa, U.S.A. 
Iowa, U.S.A. 
Kansas, U.S.A. 
Manitoba, Canada 
Texas, U.S.A. 
Van Cleave, 1945b 
Buscher, I965 
Van Cleave & Starrett, 1940 
Van Cleave, 1945b 
Van Cleave & Starrett, 1940 
Schmidt, 1965a 
Buscher, I965 
Kelthly, this study 
Van Cleave, 1945b 
Buscher, I965 
to 
cr\ 
Table 3. (Continued) 
Host species Geographical location Reference 
"Teal" 
Blue-winged teal 
Green-winged teal 
Tribe Aythyini 
Greater scaup 
Lesser scaup 
American scoter 
White-winged scoter 
New Jersey, U.S.A. 
North Dakota, U.S.A. 
Oklahoma, U.S.A. 
North Dakota, U.S.A. 
British Columbia, Canada 
Manitoba, Canada 
Iowa, U.S.A. 
Illinois, U.S.A. 
Texas, U.S.A. 
Iowa, U.S.A. 
Iowa, U.S.A. 
British Columbia, Canada 
Alaska, U.S.A. 
Alberta, Canada 
Iowa, U.S.A. 
Wyoming, U.S.A. 
Alaska, U.S.A. 
Van Cleave, 1945b 
Van Cleave, 1945b 
Bus Cher, 1965 
Keithly, this study 
Van Cleave & Starrett, 1940 ro 
Van Cleave, 1945b 
Keithly, this study 
Van Cleave, 1945b 
Schmidt, 1965a 
Graham, 1966 
Keithly, this study 
Van Cleave, 1918 
Schmidt, 1965a 
Table 3. (Continued) 
Host species Geographical location Reference 
Tribe Oxyurini 
Ruddy duck 
Order Gruiformes 
Family Rallidae 
American coot 
Sora rail 
Illinois, U.S.A. 
Iowa, U.S.A. 
Ohio, U.S.A. 
Oklahoma, U.S.A. 
Alberta, Canada 
Ohio, U.S.A. 
Iowa, U.S.A. 
Iowa, U.S.A. 
Van Cleave & Starrett, 1940 
Van Cleave, 1945b 
Graham, 1966 
Van Cleave, 1945b 
Keithly, this study 
Redington and Ulmer, 1968 
( in  press)  
Table 4. Naturally-infected definitive hosts examined for Corynosoma constrictum 
Hosts Age 
Number 
examined 
Number 
infected 
Percent 
infection 
Average 
number per 
host 
Order Anseriformes 
Family Anatidae 
Tribe Anatini 
Anas acuta 
Anas carolinensis 
Anas discors 
Anas p. platyrhynchos 
Spatula clypeata 
Tribe Aythyini 
Aythya affinis 
Aythya marila nearctica* 
Juvenile 
Adult 
Adult 
Juvenile 
Adult 
Adult 
Juvenile 
Adult 
Adult 
1 
1 
4 
10 
49 
1 
1 
5 
1 
0 
0 
3 
10 
33 
0 
1 
5 
1 
00.00 
00,00 
75 
100 
67 
00.00 
"100" 
100 
"100" 
00.00 
00.00 
3.5 
35.5 
10.3 
00.00 
24.00 
12.8 
2 . 0  
ro 
vo 
New host records 
Table 4. (Cont inued) 
Average 
Number Number Percent number per 
Hosts Age examined infected infection host 
Tribe Cairininl 
Aix sponsa 
Tribe Oxyurini 
Oxyura j. rubida 
Order Gruiformes 
Family Rallidae 
Fulica americana 
Juvenile 
Adult 
Juvenile 
Juvenile 
Adult 
4 
2 
2 
2 
4 
1 
1 
0 
100 
50 
100 
50 
00 
8.0 
1.5 
18.5 
0.5 
0 .0  
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were based upon observations of broods, at time of hatching 
whenever possible, in conjunction with the distribution of 
down and with feather structure. Graham (1966) and others 
have found plumage characteristics unsatisfactory for 
specific aging, indicating that weight indices are more 
reliable. With the limited number of broods which could be 
regularly observed on my study area, however, age determina­
tions could be accurately assessed. Prom Tables 4 and 5, it 
is seen that juvenile birds, with one exception, carried a 
greater worm burden than did adults. 
Of 65 adult birds, 66.1 percent were infected with 
Corynosoma constrictum and harbored an average of 10 worms 
per infected host, whereas 85 percent of all Juvenile birds 
examined carried an average of 24.8 worms per infected host. 
Fully-developed males of Corynosoma constrictum were 
recovered from naturally infected ducklings two and one-half 
weeks old; gravid females, however, were found only in birds 
more than four weeks old. Prom 3 to 100 worms were recovered 
from each infected duckling, the average being 24.8 (Table 5). 
In addition, a single everted juvenile of C. constrictum 
was collected from a three-week-old coot (Pulica americana) 
at Trumbull Lake in northwest Iowa. This was the only specimen 
recovered from a gruiform host. 
Although four tribes of anatid ducks were examined, 
namely: Anatini (dabbling ducks), Aythyini (inland divers), 
Cairinini (perching ducks), and Oxyurini (stifftails), this 
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Table 5. Naturally-infected juvenile definitive hosts 
examined for Corynosoma constrictum 
Host: 
Age 
(weeks) 
Number worms 
per host 
Order Anseriformes 
Family Anatidae 
Anas acuta 
Anas discors 
Spatula clypeata 
Aix sponsa 
Oxyura j. rubida 
Order Gruiformes 
Family Rallidae 
Pulica americana 
6-1/2 
3 
4 
4-1/2 
4-1/2 
5 ^ 
5-1/2 
5-1/2 
6-1/2 
6-1/2 
3 
3-1/2 
4 
7 
2 
4 
1 
3 
0 
50 
100 
30 
31 
30 
l6 
27 
15 
19 
35 
24 
12 
3 
5 
12 
25 
12 
0 
1 
Total Number Young Examined = 20 
Total Number Infected = l8 
Total Number of Worms Recovered = 447 
Range in Number of Worms per Host = 0-100 
Average Number of Worms per Infected Host = 24.8 
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study was confined chiefly to one member each of the dabbling 
duck tribe (Anatinl) and Inland diver tribe (Aythyini) i.e., 
the blue-winged teal (Anas dlscors) and the lesser scaup 
(Aythya affinis), respectively. 
Ten naturally-infected blue-winged teal from three to 
seven weeks old were examined for acanthocephalan infections. 
All harbored specimens of Corynosoma constrictum. The number 
recovered per duckling varied from 15 to 100 worms, with an 
average of 35.3 acanthocephalans per host (Table 5). Sixty-
seven per cent of 49 adult teal from the same region contained 
from 1 to 65 C. constrictum, an average of 10.3 worms per 
infected bird (Table 4). 
Buscher (1965) has suggested that the inability of 
young ducks to acquire immunity soon after hatching 
may be one factor influencing their greater susceptibility 
to parasitic invasion than older birds. That young ducks 
feed chiefly upon aquatic invertebrates (Collias and Collias, 
1963), which serve as intermediate hosts of helminths, has 
also been proposed by Buscher (1966) and others to be a 
significant factor for differences of worm burden in young 
and old birds. In breeding populations of lesser scaup in 
Alberta, Canada, Graham (1966) correlated the seasonal 
abundance of helminths with age and food habits of hosts. 
Further support of these observations and proposals wîll be 
given later in this paper. 
All lesser scaup examined in April of 1966 were infected 
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with the acanthocephalan Corynosoma constrictum, and averaged 
12.8 worms per host (Table 4). Although this sample is small, 
the number and consistent recovery of gravid C. constrictum 
from these returning spring migrants, coupled with the known 
dynamics of amphipod populations and helminth fauna of 
breeding teal in the region, present some evidence for the 
possible role of scaup in maintaining the life cycle of this 
acanthocephalan in waterfowl of northwestern Iowa. 
Potholes, marshes, and lakes of the Okoboji region of 
northwest Iowa serve as resting and feeding areas for many 
species of migratory waterfowl. Non-resident birds of the 
anatid tribes Aythyini, Mergini (sea-ducks), and Anatini may 
be observed on the water in late February or early March, 
as soon as the ice cover disappears. Great numbers of lesser 
scaup and redheads (inland divers) are found swimming and 
feeding on all open water areas, as are early dabbling ducks 
(shovelers), and sea ducks (buffleheads and goldeneyes). 
Chief nesting species of Anatidae for this area include the 
blue-winged teal, mallards, and wood ducks. In addition, 
fewer numbers of redheads (divers) and ruddy ducks (stiff-
tails) nest in this marsh-pothole area. 
Spring migration patterns of waterfowl in northwestern 
Iowa observed by Vande Vusse (1967) and by me, show that 
inland divers, especially lesser scaup, utilize nearly all 
the available water areas later employed by resident anatids 
(particularly blue-winged teal) for brood rearing. As was 
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mentioned previously (Table 4), examination of adult scaup 
intestinal tracts collected in 1966-I967 during spring 
migration shows 100 percent infection with the acanthocephalan 
Corynosoma constrictum. Approximately one-fourth of their 
worm burden consisted of gravid female worms. Dispersal of 
eggs containing acanthors by scaup occurs in February-March 
and may provide the major source of infection for the amphi-
pod intermediate host, Hyalella azteca. 
The importance of scaup in maintaining circulation of 
helminths within intermediate and definitive hosts has been 
pointed out by Graham (1966). He indicates the chief function 
of this avian species in maintaining helminth circulation Is 
to distribute worms to other water birds in the same area. 
In addition, Graham's study (1966) showed that many species 
of helminths utilized gammarids for intermediate hosts. In 
Cooking and Hastings Lakes, Alberta, Canada, where his study 
was conducted, gammarids are the major food source for breeding 
populations of adult sc^up. 
According to Cooper (1965),  the pattern of population 
growth and abundance of the amphlpod Hyalella azteca depends 
primarily upon a spring rise of water temperatures to 20° C. 
This view is supported by Bovee (1963), who found that maximum 
growth and reproduction of natural populations of these 
crustaceans occurred at 20® to 30° C. The return of migratory 
waterfowl to the Iowa lakes region is also temperature depen­
dent, requiring the removal of ice cover from feeding and 
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resting spots. Therefore, Increased activity in natural 
populations of H. azteca, which serves as intermediate host 
for C. constrictum, is synchronous with the return of migra­
tory birds harboring gravid adults of this acanthocephalan. 
Invertebrates available during spring migration Include the 
amphipod Hyalella a2teoa, a closely related species of 
Gammarus spp. Hyalella provides a logical food source for 
migrating scaup. Association of definitive and intermediate 
hosts at" C. constrictum occurs during feeding periods of 
scaup near vegetated areas. 
Spatial distribution of many benthlc Invertebrates has 
been shown by Gerking (Cooper, I965) to be due to the 
abundance and distribution of rooted aquatic plants. In 
this study, populations of H. azteca were seen feeding and 
swimming among rooted aquatics, namely: Myrlophyllum sp. 
Ceratophyllum sp., Chara sp., and Scirpus sp. In addition 
to rooted species of water plants, most of the littoral 
region of the marsh is covered with a dense mat of duckweed 
by mid-summer. My observations of natural and experimental 
populations of Hyalella azteca show a preference by the 
amphipod for this dense cover. 
Collections of naturally-Infected amphipods containing 
infective Juveniles of C. constrictum during 1965, show a 
peak of 1.6 to 9 percent infection from June 14 to July 3-
Hence, it appears that this helminth species requires approxi­
mately 40 to 60 days within the amphipod intermediate for 
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development of Infective juveniles. 
Observations by Bennett (1938) and others indicate that 
the main flight of blue-winged teal from their southern 
wintering grounds, arrives in Iowa from April 5 to April 15 
each year. In addition, Bennett states that nest initiation 
occurs in late April or early May. The literature reveals 
that female teal of this species usually lay one egg per 
day, yielding an average clutch of 9 to 11 eggs. Incubation 
begins after the last egg has been deposited, and 21 to 23 
days post-incubation, young ducklings may be seen in the 
nest. The majority of these teal broods enter the water on 
about June 7 to 24, feeding at the peak occurrence of 
infected amphipods. Thus, the presence and availability of 
both definitive and intermediate hosts, in conjunction with 
apparent lack of "age immunity" (Buscher, I965), and the 
feeding habits of young ducklings (Collias and Collias, 1963) 
all combine to insure one means for perpetuation of the 
acanthocephalan Corynosoma constrictum. 
The fact that lesser scaup arriving in the Okoboji 
region during spring migration harbor many gravid Corynosoma 
constrictum suggests that suitable intermediate hosts may be 
present on their wintering grounds or along the migratory 
route. These views are supported by Buscher's (1965) study 
of helminth populations in the pintail, gadwall, and 
shoveler, in which infected birds were recovered from Gulf 
coast wintering grounds, Kansas resting spots, and breeding 
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areas of Manitoba, Canada. Buscher suggested that the 
presence of C. cons trie turn for such extended periods may be 
due to its ability to attach firmly to the host intestinal 
wall, and that loss of the parasite is extremely difficult. 
However, this would not explain the presence of many gravid 
female worms in scaup arriving in Iowa, since it is generally 
accepted that female acanthocephalans are fertilized once, 
and release their eggs over a short period of time (Hyman, 
1951). In this study, experimentally-developed females con­
tained many embryonated eggs 30 days post-infection. How­
ever, no attempt to determine the period of egg release by 
female C. constrictum was made. It appears likely, then, 
that naturally-infected lesser scaup obtain C. constrictum 
during migration, since several months may elapse before 
arrival of scaup in Iowa. Because the intermediate host 
Hyalella azteca is common to the Mississippi drainage area, 
and suitable definitive hosts harboring gravid female worms 
are available, it is proposed that continuous maintenance 
of this helminth cycle may occur along the flyway. 
There are two other means by which known C. constrictum 
infections in breeding populations of blue-winged teal may 
be maintained. Adult teal returning from wintering grounds 
harbor mature C. constrictum, though in lesser amounts than 
do scaup. If these are first year teal, it seems likely 
that infections might have been readily obtained during migra­
tion. Furthermore, on the breeding grounds, female blue-
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winged teal are especially available for reinfection, since 
they feed with broods during peak amphipod infections. It 
is also thought by some observers that females are in their 
poorest physiological condition at this time (Harris, H. J., 
Department of Fisheries and Wildlife Biology, Iowa State 
University, Ames, Iowa. Data from nesting populations of 
blue-winged teal (Anas discors). Private communication. 
1968). In addition, first year birds which are heavily 
infected with C. constrictum, and adults which have been 
reinfected, may be seen feeding and visiting many water areas 
prior to fall migration. At this time, gravid female worms 
in these birds may shed eggs into the water. A second, lesser 
peak of infected amphipods (about 1 to 3 percent) appearing 
late in August and extending through September, supports 
this view. It is assumed that some of these infected 
crustaceans successfully overwinter, as juveniles may be 
recovered from amphipods collected under the ice. Winter 
collections of gammarids harboring various helminth species, 
including the acanthocephalan Polymorphus marilis, by 
Mr. M. Denny (Graham, 1966), give further evidence for the 
credibility of this pathway. The fact that eggs of Corynosoma 
constrictum kept at 4°C for a period of eight weeks are 
viable, and capable of producing an infection, gives addi­
tional support for the feasibility of this pathway. In his 
studies of Leptorhynchoides thecatus Linton, DeGiusti (1949b) 
has reported that eggs of this species remain viable for nine 
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months àt 4°C. On the basis of his observations DeGiusti 
suggests that L. thecatus overwinters as an egg free in the 
water, and as a larva within the intermediate H. azteca. 
No studies were conducted here to determine how vital a part 
overwintering amphipods play in maintaining the cycle of 
Corynosoma constrictum. 
This investigation indicates there are three possible 
routes for maintenance of C. constrictum in breeding popula­
tions of blue-winged teal in northwestern Iowa, namely: 
non-resident birds (lesser scaup) transfer infections to 
nesting species (teal), summer nesting species (teal) return 
with gravid worms, and eggs or intermediate stages overwinter 
in the water or within the amphlpod Hyalella azteca, 
respectively. 
Experimental Infections 
In this study, 28 laboratory-reared definitive hosts 
representing two dabbling duck species, the mallard (Anas 
£. platyrhynchos) and the blue-winged teal (Anas discors), 
as well as one galliform species, the domestic chicken 
(Gallus domesticus), were fed naturally and experimentally-
developed, Infective juveniles of Corynosoma constrictum. 
Following exposure, regular fecal examinations were conducted 
to determine the presence of either juveniles. Immature 
females, or Immature and mature males. Hosts were examined 
at autopsy 6 to 210 days post-exposure. A successful 
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Infection was Judged to be one in which immature or adult 
worms appeared in the feces or in the intestines at autopsy. 
Eight (29.6^) successful infections were established in 
experimental anatid hosts. Ducks harbored one to 17 worms, 
with an average of six helminths per infected host (Table 6). 
Naturally-infected Juveniles used for exposures were 
from three locations, namely: Prairie Lake, Marble Lake, and 
Jemmerson Slough, all in Dickinson County, Iowa. Twenty-two 
anatids were exposed to these naturally-infected amphipods. 
Pour additional ducks were fed laboratory-reared Hyalella 
azteca bearing experimentally-developed Juveniles. 
Experimental ducks from five days to ten weeks old were 
each exposed to 5-40 infected H. azteca in small finger 
bowls containing artificial spring water. Young birds 
readily pursued and caught all Hyalella within the container, 
but older birds were more reluctant to feed in this manner. 
A long plastic pipette was inserted into the throat for 
exposure of difficult birds. Ducklings were held over a 
white cloth while exposures were made, since young birds 
frequently dropped amphipods during feeding. These Hyalella 
were quickly retrieved from the cloth and placed again in 
the bowl. 
Of 23 mallards exposed to Juveniles of C^. constrictum 
seven (30.4^) were infected, with an average of 3.6 worms 
per experimental host. Thirteen C. constrictum were recovered 
from fecal material, and 18 adults were recovered from the 
Table 6. Summary of feeding experiments Involving exposures of naturally and experi­
mentally infected Hyalella azteca to laboratory-reared definitive hosts of 
Corynosoma constrieturn 
Number 
Age of Number Number Fecal 1 worms at Total number 
host Juveniles 
fed^ 
days post­ examinations autopsy worms _ 
Host (in days) exposure J I A M F recovered 
Mallard 3 25 7 0 0 0 0 0 0 
4 9 89 0 0 0 0 0 0 
5 10 1 1 0 0 0 0 (1) 
24 0 0 Id* 0 0 1 
30 0 0 0 1 2* 3 
5 10 7 0 1? 0 0 0 1 
35 0 0 0 0 6* 6 
10 16 15 0 0 0 0 1 
10 15 89 0 0 0 0 0 0 
10 14 89 0 0 0 0 0 0 
10 12 71 0 0 0 0 0 0 
10 25 60 0 0 0 0 0 0 
10 25 60 0 0 0 0 0 0 
11 12 23 0 0 0 3 4 7 
13 5 49 0 0 0 0 0 0 
15 15 49 0 0 0 0 0 0 
16 18 6 0 0 0 0 0 0 
Juvenile, I=immature, A=adult. 
2pigures in parentheses indicate experimentally-infected H. azteca. 
^Figures in parentheses indicate Juveniles recovered. 
* 
Eggs from these worms were used in feeding experiments indicated in Table 10. 
Table 6. (Continued) 
Number 
Age of Number Number Fecal worms at Total number 
host Juveniles days post- examinationsautopsy worms 
Host (in days) fed^ exposure Ï A "R P recovered^ 
Teal 
Chick 
18 40 1 1 0 0 0 0 (1) 
11 0 0 0 0 1 
12 0 l€^  0 0 0 1 
24 40 2 2 0 0 0 0 (2) 
24 23 89 0 0 0 0 0 0 
42 (3) 30 0 0 0 0 0 0 
49 15 28 0 0 0 0 0 0 
70 25 24 0 0 0 0 2 2 
70 20 1 2 2«* 0 0 0 2(2) 
365 (4) 30 0 0 0 0 0 0 
365 10 30 0 0 0 0 0 0 
14 (3) 210 0 0 0 0 0 0 
21 20 10 0 0 0 7 10 17 
90 (1) 60 0 0 0 0 0 0 
6 19 6 0 0 0 0 0 0 
14 (1) 30 0 0 0 0 0 0 
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gut of sacrificed birds. 
Mature males of Corynosoma constrlctum were recovered 
in fecal droppings from experimental hosts as early as 15 
days after exposure; mature females were never recovered 
from the feces. Several juveniles were found in fecal 
samples of experimental mallards 5 to 70 days old. In addi­
tion, five immature adult worms 1 to 12 days post-exposure 
were recovered from fecal material of three ducks (Table 6). 
The appearance of juveniles in feces one or two days 
after exposure may be due to a variety of factors. Success­
ful exposures depend chiefly upon the willingness of birds 
to ingest living amphipods. Therefore, ducks were starved 
overnight to increase the likelihood of their ingesting 
juveniles, and in most cases this procedure aided in estab­
lishing infections. Exposures were usually conducted in the 
morning prior to the regular feeding period. Since the gut 
was relatively empty, it is possible that some specimens 
passed too quickly through the intestine, and this may explain 
the failure of some juveniles to have developed. A more 
likely explanation is that suitable activation of the juven­
iles did not take place. Graff and Kitzman (1965) have 
shown that a variety of factors influence successful Juven­
ile activation in Moniliformis dubius, namely: presence and 
concentration of bile salts, pH, and temperature. None of 
these factors has been studied with regard to activation of 
C. constrictum juveniles. 
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Failure of birds to acquire Infection may also have been 
due to Juveniles which were not infective. Physiological 
states cannot be ascertained by appearance, and criteria for 
determining the viability of juveniles have not been estab­
lished. Loss of infectivity may also occur when parasites 
reside for long periods within the intermediate host. Limits 
of infectivity in juveniles of C. constriction are not known. 
However, their viability does not appear to be affected by 
the overwintering of amphipods (Graham, I966; DeGiusti, 
1949b; Keithly, this study). 
Immature adults in feces recovered 1 to 12 days post­
exposure, included both male and female worms. It has been 
suggested by Nicholas and Hynes (1958) that attached worms 
may easily extricate themselves for purposes of copulation, 
and then reattach within the host. During such activity, it 
is possible that worms may be swept down the intestinal tract 
with fecal material, and are therefore unable to re-establish 
themselves. In addition, changes in host physiology might 
alter ability of worms to remain attached. 
Two adult male C_, constrictum were recovered from duck 
droppings at 15 and 24 days post-exposure, respectively. 
It has been suggested by Van Cleave (1951) that male acantho-
cephalans are commonly expelled following fertilization of 
females. In support of this view, Nicholas and Hynes (1958) 
found that males of Polymorphus minutus tend to be lost I6 
days post-infection, and are never found in the gut after 
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day 32. Results of this study indicate that mature males of 
C. constrlctum may be recovered in the feces as early as 15 
days, and from the gut as late as 30 days post-exposure. In 
my investigation, all positive infections were terminated 
within 30 days, and it is therefore difficult to state the 
maximum time males might be recovered from the small intestine. 
Laboratory-reared mallards 1 to 89 days post-exposure 
were sacrificed by anesthetizing. Digestive tracts of these 
birds were removed and placed in avian Ringer's solution for 
examination. Of I8 adult C. constrictum recovered from the 
lower third of the host's small intestine, l4 (77.8^) were 
gravid females, whereas only 4 (22.2^) were adult males. 
In addition, fecal examinations resulted in the recovery of 
two more adult males and three immature males. Therefore, 
nine known males were recovered from laboratory-infected 
mallards. As previously mentioned, early loss of male 
acanthocephalans is common among many genera (Van Cleave, 
1951). 
Nine of the l4 gravid female C. constrictum recovered 
from experimental mallards were dissected, their eggs were 
removed, and fed to laboratory-reared Hyalella azteca. 
Remaining male and female worms (both Immature and adult) 
were fixed and stained, a,nd whole mounts or sections were 
prepared for microscopic examination. Results of these 
studies, as well as additional morphological data on adult 
worms, will be presented in later sections of this thesis. 
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Of seven blue-winged teal eggs from an abandoned nest 
at Smith's Slough, Ruthven, Iowa, three were successfully 
hatched In the laboratory. Ducklings were kept together 
until exposure, and were cared for as previously described. 
These teal were exposed at l4, 21, and 90 days of age, 
respectively. Twenty Infected amphlpods collected at 
Marble Lake, Dickinson County, Iowa, were fed to the 21-
day-dld teal. Ten days post-exposure, 17 Immature worms 
Including seven males and ten females were recovered from 
the Intestine of this teal. Because these acanthocephalans 
were not mature, one or two members of each sex was placed 
In each of five fixatives. Whole mounts and sections cut 
at eight microns were prepared. Measurements and descrip­
tions of some of these experimental worms will be considered 
In the succeeding section. 
The l4-day-old teal v;as exposed to three experimentally-
developed Juveniles, and the 90-day-old teal, to one experi­
mentally-developed Juvenile. Both birds were negative at 
autopsy. As Indicated In Table 6, results of all exposures 
of laboratory-developed Juveniles to avian hosts. I.e., 
two mallards, two blue-winged teal, and one chick proved 
negative. It should be noted that In these experiments 
only one to four Juveniles were fed. In all positive 
feeding experiments, at least ten Juveniles were given to 
each host. Evidence that Hyalella azteca Is Indeed the 
Intermediate host for C. constrlctum will be presented in a 
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later section dealing with experimental intermediate hosts. 
A single six-day-old chick was fed 19 naturally-
infected amphipods. Upon dissection six days later, no 
evidence of infection could be seen. In addition, a two 
week old chick exposed to a single laboratory-reared Juven­
ile of Corynosoma constrictum proved negative at 30 days. 
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ADULTS 
Location within Host 
All Corynosoma constriotum recovered from naturally-
infected birds were found in the lower one-third of the small 
intestine. No indication of a more specific preference for 
site of attachment by male or female worms, from everted 
juvenile to adult stages, could be noted. A variety of 
helminths was observed within the digestive tract, including 
trematodes (notocotylids) from the caeca, several species of 
cestodes from the small intestine, and the tapeworm 
Cloacotaenia from the large intestine. It is known that 
competition among acanthocephalans and other helminth groups 
may alter the presence, extensity, and intensity of worms 
within a host species (Holmes, 1961, 1962). However, in 
this investigation no significant differences in number or 
distribution of C. constrictum were noted. 
Examination of the body cavity and surrounding organs 
proved negative for encysted, partially-developed, or fully-
developed worms of this species. Juveniles, immature, and 
adult male worms were recovered from fecal matter or from 
the intestinal tract of naturally-infected and experimentally-
infected birds, and their presence here has been discussed 
previously. 
Behavior 
Living adult Corynosoma constrictum are yellow to orange 
and are visible through the intestinal wall of dissected 
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hosts. Specimens are flat upon initial dissection, but soon 
swell and become rounded when placed in distilled water or in 
avian Ringer's. This commonly observed phenomenon caused 
early workers to associate acanthocephalans with flatworms 
(Cestoda) and roundworms (Nematoda), respectively (Meyer, 
1932, 1933). Polymorphid acanthocephalans may assume a 
variety of shapes and configurations and hence may be fixed 
in varying positions. Body shape as a criterion for species 
determinations is thus unreliable and should be avoided. 
This applies especially to members of the genera Polymorphus 
and Corynosoma in which taxonomic confusion has resulted from 
such erroneous applications of unsound criteria. 
The probosces of living worms are firmly embedded within 
the intestinal mucosa, sometimes penetrating as far as the 
muscle layers. Removal of attached worms from the intestinal 
wall is very difficult, but may be enhanced by placing worms 
under refrigeration for 30-60 minutes. Living C. constrictum 
removed from the gut and placed in Petri plates of avian 
Ringer's solution extend and retract the proboscis rapidly. 
Specimens with probosces still embedded within the wall are 
fairly active and are capable of contracting and relaxing 
various regions of the body. Gravid females are especially 
active both before and after removal from the intestine. 
Perhaps this is a mechanism for insuring final dispersal of 
eggs; Rarely, however, were concentrations of eggs seen 
near the vaginal exit, and they were never observed being 
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extruded from the genital pore. Unlike trematodes, in which 
egg extrusion may frequently be initiated by placing adults 
in distilled water, female acanthocephalans possess a 
"selector apparatus" which may limit release of eggs to 
those containing mature acanthors(Hyman, 1951; Van Cleave, 
1953a). Although the mechanics of operation of this structure 
are not known, its efficiency for species survival under 
natural conditions is apparent. 
As mentioned previously, it has been suggested by Van 
Cleave (1953a) that acanthocephalans detach themselves from 
the intestinal wall and move about for purposes of copulation. 
That males become free in the digestive tract and are sub­
sequently lost, following fertilization of females, has 
been demonstrated by experimental studies with Polymorphus 
minutus (Nicholas and Hynes, 1958). In my study, the 
prevalence of gravid female C. constrictum from natural 
and experimental hosts at autopsy, in addition to the 
fecal recovery of males, support these views. Furthermore, 
evidence of previous attachment to the gut wall was noted in 
some natural and some experimental infections of C. con­
strictum, even though no worms were recovered. Characteristic 
tissue damage resulting from the presence of avian acantho­
cephalans has been noted by other workers including, 
Okorokov {l957f> Petrochenko (1953), and Logachev and 
Bruskin (196O). Hence, these observations suggest that 
activity of Corynosoma constrictum within the definitive 
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host is considerable. My observations are at variance with 
the views of Buscher (1965) who indicated a more permanent 
attachment for this species. 
Morphology 
Following Van Cleave's original description of Corynosoma 
constrictum in 1918, and his comments on this species in 
1945 (Van Cleave, 1945a, b), no further studies of the spe­
cies have been made. Many specimens from a variety of hosts, 
however, have been recovered and identified as C. constrictum 
(Table 3). Microscopic examination of Van Cleave's cotype 
specimens confirms the validity of his description. In 
addition, the male cotype of C. constrictum has approximately 
32 genital spines measuring 0.025 nun by 0.0034 mm, each with 
a triangular collar 0.020 mm wide. Elongate tubular lemnisci 
extend from the anterior trunk to the cement glands, and 
contiguous oval testes lie in tandem midway down the trunk. 
Other characteristics are in general agreement with those 
for the genus Corynosoma given by Golvan (1958) and by 
Yamaguti (1963). A complete description of the species in­
cluding data derived from this study is given later in this 
section. ^ 
Van Cleave's description of C. constrictum was based 
on specimens recovered from ducks killed during migration. 
As he later pointed out (Van Cleave, 1945a), only limited 
knowledge of species results with collections from widely 
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spaced localities and transient populations of birds. Ideally, 
complete detailed examinations of specimens from a number of 
naturally-infected definitive hosts within a restricted 
locality, and comparisons with experimentally-developed 
worms within these same hosts can fully confirm the validity 
of a species designation, and the inherent variability within 
that species. 
In this study, observations and measurements of whole 
mounts of 43 male and 60 female C. constrlctum were under­
taken. These adults were recovered from three species of 
anseriform hosts representing two anatld tribes, i.e., 
Anatinl (dabblers) and Aythylni (divers). In addition, a 
few specimens from the wood duck (tribe Cairinlnl or perching 
ducks), from the ruddy duck (tribe Oxyurlnl or stifftails) 
and from the sora rail (Order Gruiformes) were included for 
comparative purposes (Tables 7 and 8). 
Measurements of adults were based upon worms recovered 
from natural and from experimental hosts. Prom l8 naturally-
infected blue-winged teal, 120 specimens of adult C^. con­
strlctum were critically examined. Of these acanthocephalans, 
75 (62.5#) were females and 45 (37.50) were males. Of 8 
experimentally-infected mallards, I8 adult worms were re­
covered from the Intestine; of these l4 (77.70) were females 
and 4 (22.20) were males. In addition, 1 experimental blue-
winged teal harboring 17 worms contained 7 (41.10) males 
and 10 (58.80) females. Reasons for the predominance of 
Table 7. Comparative measurements of adult Corynosoma constrlctum (all measurements 
of size in mm, unless otherwise indicated; measurements within parentheses 
indicate ranges in size or number) 
Number Proboscis hooks 
Host measured Apical Median Basal 
Teal 29 37.5(28.9-42.5) X 
9.9(6.8-17.0) 
43.2(25.5-53.0) X 
17.7(13.6-32.3) 
34.1(28.9-40.8) X 
9.0(6.8-11.9) 
47? 35.7(23.8-47.6) X 
10.6(6.8-13.6) 
43.1(30.6-53.0) X 
16.9(11.9-20.4) 
36.0(30.6-44.2) X 
10.5(6.8-15.3) 
Scaup. IcT 41.6 X 11.9 43.4 X 14.6 34.0 X 9.4 
7Î 41.4 X 10.8 55.5 X 16.4 36.3 X 10.2 
Mallard* 10(5/,5$ ) 40.4 X 10.2 41.4 X 15.9 38.0 X 7.9 
Teal* 3(2cJ^,l? )  39.1 X 10.2 44.2 X 17.0 35.7 X 11.9 
Ruddy- 10^ 44.2 X 11.9 47.6 X 17.0 34.0 X 6.8 
Wood 1^ 39.1 X 8.5 45.9 X 13.6 37.4 X 10.2 
Sora rail 14= 40.8 X 10.2 49.3 X 17.0 35.7 X 10.2 
* 
Experimental Corynosoma constrictum. 
Table 7. (Continued) 
Genital spines 
Host Number^ Size Number Size (in microns) 
Teal 25.4(20.4-34.0) X 
5.2(3.4-6.8) 
36 
(7-49) 
22.3(18.7-28.9) X 
4.9(3.4-6.8) 
a 24.8(13.6-30.6) X 5.6(3.4-6.8) 4 (0-22) 16.5(10.2-23.8) X 6.0(3.4-11.9) 80.3(47.6-123.0) 15.1(10.2-20.4) 
Scaup 24.2 X 5.9 34 
(25-43r 
22.1 X 1.7 
o
 r
o 25.8 X 6.2 6 
(0-17) 
18.7 X 5.1 70.0 X 16.4 
Mallard* 28/28 
(798) 
25.5 X 5.5 14 
(4-24) 
22.1 X 4.3 79.3 X 16.4 
Teal* 25.5 X 6.8 
Ruddy fsa 25.5 X 3.4 44 27.2 X 3.4 
Wood 30/30 
(900) 
20.6 X 6.8 22 27.2 X 3.4 
Sora rail ,33/31 
(1023) 
32.8 X 3.4 17 22.1 X 3.4 
^Numerator=encIro1Ing rows: denomlnator=row8 down; parentheses*total number of 
cutlcular spines (approximately). 
Table 8. Comparative measurements of adult Co^noaoma constrictum from dabbling ducks 
and diving ducks (all measurements of size in mm) 
Host 
Number 
examined 
Number rows 
proboscis hooks Male 
Body size 
Female 
Tribe Anatini 
Mallard 
Teal 
Tribe Aythyini 
Scaup 
Scoter 
10 
76 
14 
2 
16-18 
16-18 
16-18 
16-18 
16 
5.8(4.5-7.0) X 7.3(6.0-8.5) 
0.9(0.7-1.0) 1.0(1.0-1.5) 
5.2(3.8-6.9) ] 
0.7(0.3-1.0) 
5.5 X 0.7-0.9 
8.1(5.5-11.5) X 
0.9(0.5-1.5) 
5.5 X 1.0-1.5 
4.4(3.6-5.2} X 4.6(3.8-6.0} 
0.8(0.3-1.0) 0.7(0.7-1.0) 
2.28-4.3 X 
0.5-0 .6  
3.3 X 0.8 
* 
Experimentally-infected hosts. 
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females in hosts has been discussed. The single lO-day-old 
teal mentioned above showed a higher ratio of males to 
females than might be expected. However, this ratio is 
probably due to the fact that worms were still copula, 
since my observations of experimental mallards show expected 
fecal recovery of mature male C. constrictum 15 days post­
infection (Table 6). 
Although morphological variations of Corynosoma con­
strictum occurring in all hosts examined are considerable, 
such variations appear to be inherent within the species, 
because variations of similar magnitude also appear in 
experimental infections (see Tables 7 and 8). Such varia­
tions may include those relating to age of parasite and 
host, species of host, sex of parasite and host, and perhaps 
physiological factors. 
Superficially, the body plan of male and female 
Corynosoma constrictum is similar (Figures 2 and 3). The 
body may be conveniently divided into three regions, namely: 
proboscis, neck, and trunk (Van Cleave, 1952b). Hyman (I95l) 
prefers to use the terms praesoma and trunk for separation 
of body regions. Externally, the praesoma includes the 
proboscis and neck; internally, it includes the muscular 
proboscis receptacle lemnisci, and chief nerve ganglion. 
Although either designation is correct. Van Cleave's concept 
of body regions is adopted in this study. 
The proboscis of C. constrictum is essentially cylin­
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drical, although slightly expanded in its mid-region. Sixteen 
to 18 longitudinal rows of hooks are present, each row bearing 
10 to 12 hooks. It has long been established that consid­
erable variability occurs in the number and placement of 
hooks in members of the same acanthocephalan species (Van 
Cleave, 1951). Corynosoma constrictum is no exception, and 
from specimens examined in this study, it appears that Van 
Cleave's single, fixed hook formula of 16 longitudinal rows 
of hooks must be extended to include 16 to 18 such rows 
(Table 8), Three distinct types of proboscis hooks are 
present, namely: apical, middle, and basal (Figure 5). 
Reference to Table 7 indicates that size varies little be­
tween sexes of C. constrictum, but that some degree of 
variation occurs among worms from different definitive hosts. 
However,; none of these differences is great. The middle 
hooks (5 through 8 in a longitudinal row of 12 hooks) are 
the stoutest and largest, with anvil-rshaped roots (Figure 5b). 
Basal hooks (9 through 12 in each longitudinal row) are small 
and rootless with a simple, fragile appearance (Figure 5c). 
At the proboscis apex, the first four hooks of each row 
extending posteriorly have small anvil-shaped roots (Figure 
5a), and their dimensions are Intermediate to those hooks 
at the middle and base. 
At the base of the proboscis is the conical neck (Fig­
ure 1), devoid of spines or hooks. This structure contains 
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only proboscis retractor muscles and terminal nerve fibers 
which extend toward the apical sense organ at the tip of the 
proboscis. The trunk of C. constrictum is spinose anteri­
orly and posteriorly, with a central aspinose area. Its 
greatest diameter is in the region of the foretrunk, and 
the body then tapers gradually toward its posterior extremity 
(Figures 2 thru 4). A great deal of variation in total 
number of spines of the foretrunk was observed in this 
study (Table 7). However, part of this variation is due 
to irregular placement of spines. An approximately diagonal 
pattern was noted in many specimens, and counts of spines 
were made along several of these lines. In Table 7» the 
numerator, representing the number of spines encircling the 
body,•and the denominator, representing the number of rows 
extending posteriorly, demonstrate the pattern of cuticular 
spination. In most cases, this spinose area was confined 
to the upper one-third of the foretrunk, extending slightly 
more ventrad in male specimens. Occasionally, spines were 
found at the lower limits of the midtrunk. Measurements of 
cuticular spines show no significant variation between sexes 
of the parasite within a single host or between sexes of the 
parasite within different host species (Table j). 
The importance of genital spines (Figures 10, 13, l4) 
in species of Corynosoma was mentioned earlier. Van Cleave 
(1945c, 1951) demonstrated that confusion between polymorphid 
genera, especially between Polymorphus and Corynosoma, exists 
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becauàe of the apparent lack of spines in certain specimens. 
This Seeming absence of spines is due to a secondary Intro­
version of the hindbody or genital vestibule. Furthermore, 
Van Cleave determined that the marked scarcity or absence 
of spines in females resulted from mutilation of the genital 
area following loss of the copulatory cap. Schmidt's 
(1965a) and my observations have demonstrated that the former 
presence of these spines may be shown by scar tissue around 
the removal site. Observations of the structure and disper­
sal of genital spines in this study support Van Cleave's 
(1945c) views that considerable variation in size and number 
of spines among individuals within the same host specimen, 
host species, and among different hosts does indeed occur. 
In older males, a more regular pattern of dispersal is seen, 
but young of both sexes, as well as older females, never 
exhibit regularity of pattern. In general, however, males 
(Figure 10) possess more spines than do females (Figures 13 
and 14), and young females possess more spines than do older 
members of the same sex (Table 7). Greater variability in 
size and number of genital spines also occurs among female 
C. constrlctum than -occurs among males of this species 
(Figures 13 and 14). In addition, in the development of 
genital spines of C, constrlctum discussed in a later section 
of this paper, it is apparent that males of this species 
initiate and complete genital spine differentiation well in 
advance of female jC. constrlctum. Furthermore, It appears 
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that in females of this species, organization and differen­
tiation of the genital spines never attains the high degree 
of specialization seen in male £. constrictum. 
In males, the reproductive organs consist of two testes, 
two sperm ducts, a ligament sac, four (sometimes five) 
cement glands, a genital sheath, a seminal vesicle, Saeffti-
gen's pouch, a penis, and a copulatory bursa (Figures 6 thru 
9, 11, 12). 
Female C, constrictum possess one ovary which fragments 
shortly after egg development is initiated, and ovarian 
balls may then be seen floating free in the ligament sac. 
Following rupture of the ligament sac, ovarian balls and 
maturing eggs spill into the pseudocoel (Figure 2). In C^. 
constrictum, the ligament sac ends posteriorly within a 
funnel-shaped uterine bell, and this bell carries eggs into 
the uterine tube or returns them to the pseudocoel. Extend­
ing anteriorly from the uterine tube are two bell pouches 
of unknown function. Posteriorly, the uterine tube connects 
with the muscular uterus which propels eggs into the 
sphincter-controlled vagina (Figure 2). 
It has generally been accepted that the female apparatus 
described above serves as a selector mechanism, allowing 
eggs containing mature embryos (acanthors) to pass into the 
uterus, but returning immature eggs to the pseudocoel (Van 
Cleave, 1953a; Hyman, 1951). However, no physical or 
physiological mechanism has been shown to explain the method 
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whereby this selectivity occurs. In fact, Yamaguti (1963) 
denies that operation by the selector mechanism is justi­
fied, and states that he has often seen mature and immature 
acanthocephalan eggs mixed within the uterus. From my 
limited observations, only mature eggs occur within the 
uterine tube and uterus. The structure and function of 
this selector apparatus requires further study. 
Although copulation in C. constrictum was not observed 
in this study, previous workers have reported that during 
copulation of acanthocephalans, the everted bursa of the 
male grasps the posterior end of a female, and that sperm 
are discharged from the penis into the uterus. Bursal 
evagination is accomplished by fluid movements within 
Saefftigen's pouch and by activity of muscles associated 
with the bursa copulatrix (Yamaguti, 1963). Following 
fertilization, a cement cap consisting of secretions from 
the cement glands of the male is placed over the posterior 
end of the female. The presence of a cement cap in female 
C. constrictum was observed in both natural (Figure l4) and 
in experimental infections, and eggs in various stages of 
development were seen floating free within the pseudocoel. 
Fully-developed eggs were recovered from naturally-infected 
ducklings three to seven weeks of age. 
Apparently among acanthocephalans a single copulatory 
act provides adequate sperm for the reproductive life of 
the female. No data appear to be available as to the 
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viability of sperm, or to the demonstrated presence of a 
seminal receptacle. Unfortunately, the lack of abundant 
experimentally-developed adults in this study has prevented 
investigations relative to these interesting and puzzling 
aspects of the reproductive system of C. constrictum. 
Discussion 
From Tables 7 and 8 it may be seen that considerable 
morphological variation occurs among naturally and experi­
mentally-developed adults of C^. constrictum from a variety 
of definitive hosts. Nonetheless, specimens from the 
present study are more similar to adults of C^. constrictum 
as described by Van Cleave (1918) than they are to other 
known members of the genus. It is apparent, however, that 
the range of measurements for various body dimensions, hooks 
and spines, and for size of eggs and contained acanthors 
must be modified. 
Of particular interest is the variation in body size 
occurring between individuals recovered from dabbling ducks 
(mallards, blue-winged teal) and from diving ducks (American 
scoter, lesser scaup) as seen in Table 8. Data for this 
table were obtained from both naturally-infected birds In 
the Okoboji region and from experimentally-infected hosts. 
Included among the naturally-infected hosts were very young 
blue-winged teal who must have acquired their infections 
from amphipods in the Okoboji region. Such amphlpods were 
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used in establishing experimental infections in laboratory-
reared mallards and teal. It appears likely, as indicated 
in a previous section of this thesis, that migrating scaup 
provide the major source of infection for the amphipod 
intermediate hosts. 
Although experimental evidence is not yet available, 
it appears that in scaup (a diving duck), gravid adult C. 
constrictum are considerably smaller than gravid females 
from teal and mallards (dabbling ducks). In both natural 
and experimental infections, specimens from dabbling ducks 
proved larger than adults from divers. Immature v;orms re­
covered from a 10-week-old experimental teal exceed the 
averages of mature worms recovered from adult lesser scaup 
and from the scoter (both divers). In addition, body sizes 
of adult worms from naturally-infected scaup are greater 
than maximum measurements from the scoter, so that variation 
even occurs between these two closely related species of 
diving ducks. 
Such size variations may be host-induced and warrant 
further experimental studies. It is of considerable interest 
that Vande Vusse (1967) has observed similar host-induced 
variations which may account for the difference in size of 
the avian schistosome Dendritobilharzla pulverulenta in 
various definitive hosts. Furthermore, Watertor (1968) has 
provided convincing experimental evidence that surprising 
morphological variations in the amphibian fluke, Telorchls 
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bonnerensls, occur In accordance with the species of defini­
tive hosts in which they are developed. 
Prom this study, it appears that Corynosoma constrictum 
exhibits a wide range of morphological variations, chiefly 
influenced by host-induced (perhaps physiological or 
. immunological) factors. That further study is necessary to 
explain this mechanism for species variation within the 
genus Corynosoma is apparent. Infection of a variety of 
laboratory-reared diving ducks with experimentally-developed 
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worms from several dabbling duck species, may provide 
valuable evidence to support this view, and could provide 
an experimental'model permitting more critical examination 
of the mechanism for variation. 
It becomes apparent from this study that the original 
description of C. constrictum by Van Cleave must be modified. 
Schmidt (1965a) who recovered specimens of this species from 
the pintail, white-winged scoter, and lesser scaup also 
agreed that a redescription was desirable. In the follow­
ing redescription of C. constrictum, additions or modifica­
tions (based on data from experimental and natural infections) 
are indicated by underscoring. 
Corynosoma constrictum Van Cleave 1918 
Cotype: Cat. No. 5^39 (female) and No. 5449 (male), U.S. 
National Helminthological Museum. Collected by Dr. 
Edwin Linton in 1892 as Echinorhynchus striatus Goeze. 
Type host: Oidemia americana, in intestine 
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Additional hosts: Anas acuta, Aythya afflnls, Melanitta 
fusca deglandl (Schmidt, 1965a); Anas dlscors. Anas p. platy-
rhynchos, Alx sponsa, Oxyura rubida, Porzana Carolina 
(Keithly, this study) 
Type locality: Yellowstone Lake, Wyoming 
Intermediate host: Hyalella azteca Saussure 
With characters of the genus. Body of males 2.28 mm to 7.0 mm 
with maximum diameter of 1.0 mm; females 3.3 mm to 11.5 mm 
long with maximum diameter of 1.5 mm. Proboscis expanded in 
mid-region, armed with 16 to lb longitudinal rows of 10 to 
12 hooks each. Hooks at base of proboscis 28.9 mm to 44.2 
mm long by 6.8 mm to 15.3 mm wide, rootless; middle hooks 
with anvil-shaped roots measuring 25.5 mm to 55.5 mm by 
11.9 mm to 32.3 mm; and apical hooks 23.8 mm to 47.6 mm by 
6.8 mm to 17.0 mm with smaller anvil-shaped roots. Anterior 
cutlcular spines measuring 13.& mm to 34.0 mm by3.4 mm to 
6.8 mm, and each embedded in a cutlcular elevation projecting 
from the body surface. Genital spines In males strongly 
recurved, measuring I8.7 mm to 28.9 mm by 1.7 mm to 678 mm; 
female genital splne"s~i0.2 mm to 23.8"mm by 3.4 mm to IIT9 
mm, and slightly recurved. Males with 7 to 44 genital spines 
arranged in a regular pattern; females aspinose or possessing 
up to 22 irregularly arranged spines. Mature eggs within 
the female measuring 0.04b mm to 0.123 mm by 0.01 mm to 
0.024 mm wide. 
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INTERMÉDIATE HOST 
Hyalella azteca Saussure (Figure 21) is a small, fresh­
water, benthic crustacean which may be found swimming among 
rooted aquatic plants or clinging to duckweed mats in lakes, 
marshes, ponds, and streams throughout the western hemisphere 
(Bovee, 1963; Cooper, 1965). These amphipods usually remain 
in areas of shallow water (one to five feet deep), feeding 
on living or on dead plant and animal matter. Factors 
affecting the presence and distribution of H. azteca include 
water temperature, pH, vegetation, bottom sediments, and 
light (Bovee, I963). 
According to the literature, Hyalella prefer slightly 
alkaline waters at temperatures of 20 to 23°C. Bovee and 
Cooper indicate that these amphipods are closely associated 
with the following aquatic plants: Ceratophyllum, 
Myriophyllum, Chara, Elodea, and Lemna, and that organic 
debris from bottom sediments serves as an additional source 
of food and place of protection for these crustaceans. 
Externally, H. azteca is distinguished from its gammarid 
relatives by the lack of an accessory flagellum on each of 
the first pair of antennae. The body of these amphipods is 
laterally compressed, consisting of a head, eight thoracic, 
and six abdominal segments. Anteriorly, the mouth parts are 
specialized for seizing and tearing food, and the thoracic 
appendages are variously modified for food gathering, respl-
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ration, and swimming. Abdominal appendages are employed for 
swimming and for reproductive purposes. 
Internally, Hyalella azteca possesses a digestive tract 
consisting of an esophagus, stomach with Its gastric mill, 
and a long, undifferentiated Intestine to which six caeca 
are connected. Dorsal to the digestive tract, an elongate 
tubular heart may be seen with anterior and posterior 
openings Into the haemocoel. Respiration is by means of 
costal gills (thoracic appendages two through six) and 
sternal gills (thoracic segments three through seven). The 
nervous system consists of a supra-esophageal ganglion with 
tv7o circumesophageal connectives joined with two ventral 
nerve cords, each bearing several connecting ganglia. Male 
and female reproductive structures are positioned below the 
tubular heart, with ducts leading to the ventrum of the 
last thoracic segment in males, or the base of the fifth 
coxal plate in females. Females are generally larger than 
males, and contain a brood pouch beneath the thorax. Ovaries 
are large and dark green, whereas developing embryos are 
orange. Care must be taken to distinguish these embryos from 
developing orange acanthellae of Corynosoma. Sexes closely 
resemble one another at immaturity, but may be differentiated 
during late Juvenile and sub-adult stages. Coloration is 
due to hypodermal pigments, thickness of exoskeleton, and to 
epizolc or Ingested algae. 
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Natural Infections 
Because of their availability and known role in main­
taining helminth life cycles (Van Cleave, 1951)> amphipods 
were considered as possible intermediate hosts for the 
acanthocephalan Corynosoma constrlctum. As previously men­
tioned, the presence of orange juveniles within the haemo-
coel of the amphipod Hyalella azteca, in conjunction with 
the recovery of yellow and orange adults of C. constrlctum 
from duck intestines, suggested that the life cycle might 
occur in lakes and marshes of northwest Iowa. 
Natural populations of Hyalella azteca observed In this 
study were collected from Marble and Prairie Lakes and 
Jemmerson Slough, all in the Okobojl region of northwestern 
Iowa. H. azteca swims and feeds among rooted and floating 
aquatic plants, and is abundant in littoral vegetated zones 
from one to four feet deep. In feeding, Hyalella tear off 
edible bits of plants and seize dying animals associated 
with the vegetation, concealing themselves while they 
scavenge for food. Large gnathopods help hold food as the 
mandibles cut the tissues, and thoracic legs beat a steady 
stream of water toward the mouth. In this manner, Hyalella 
may filter eggs of various helminth species, algae and small 
Invertebrates from the water. 
Regular collections from the three areas previously 
mentioned were made from June through August, 1965. Irregu­
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lar collections were also made during fall and winter. Col­
lecting techniques were simple and qualitative. Rooted 
aquatics were disengaged from the bottom sediments and 
shaken into a one-foot square screen box floating in the 
water. Amphipods were concentrated by this means, and were 
transferred to a bucket of water after ten consecutive 
samples had been taken. Collections were usually made in 
early morning or late afternoon when air temperatures were 
cooler and sampling areas were partially shaded. H. azteca 
is more active under semi-darkened conditions (Bovee, 19^3). 
Ten samples, each consisting of ten groups of washed 
plant material were collected two or three times a week from 
stations varying one to three feet in depth. Counts of 
Hyalella were made in the laboratory by pipetting individuals 
into large culture bowls and finger bowls to permit separation 
of Infected amphipods. Crustaceans were examined for charac­
teristic orange juveniles of C. constrictum, and the total 
number of Infected and non-infected amphipods was recorded 
for each collection. It should be noted that these techniques 
are not sufficiently exact to allow statistical interpretation. 
For this reason, the data in this study may be used only as 
an indication of the population dynamics of H. azteca from 
these three areas, although Cooper's work (1965) seems to 
indicate that populations are relatively stable from year to 
year. A summary of naturally-infected Hyalella azteca collected 
in this investigation appears in Table 9. 
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Table 9. Summary of naturally-Infected Hyalella azteca 
harboring juveniles of C. constrictum 
Date Number Number Percent 
Location (1965) examined infected infection 
Marble Lake 7-18 600 10 1.6 
7-27 519 4 0.8 
8-1 602 7 1.2 
8-9 741 4 0.6 
8-23 500 3 0.6 
9-5 853 0 0,0 
Prairie Lake 7-14 676 65 9.0 
7-23 93 3 3.3 
7-25 1,100 22 2.0 
8-3 1,026 25 2.4 
9-5 185 0 0.0 
Jemmerson 
Slough 8-1 202 0 0.0 
8-8 933 2 0.2 
8-21 500 3 0.6 
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In his study of Hyalella azteca populations from Sugar-
loaf Lake, Washtenaw County, Michigan, Cooper (1965) ob­
served that maximum populations of H. azteca occurred in mid-
July, decreasing to a fairly stable minimum winter population. 
He found that mortality factors had little effect upon over­
wintering amphipod populations, and that spring collections 
consisted of adult or sub-adult Hyalella produced the previous 
fall. During early summer, about half his natural populations 
were young crustaceans which began reproduction in late June. 
The generation produced by these summer breeding adults 
constituted the entire overwintering population. Cooper's 
findings on stability in overwintering populations of Hyalella 
tend to support the possibility of this pathway for maintain­
ing the life cycle of C. constrictum,which utilizes Hyalella 
azteca as its Intermediate host. In addition. Cooper showed 
that In populations of these amphipods, a pattern of inter­
action between environmental factors (chiefly temperature) 
and life history occurs. Furthermore, he observed that the 
population structure of H. azteca is very predictable from 
year to year. These two findings support my earlier sugges­
tions that Hyalella azteca is consistently available and 
active at the time of arrival of migratory waterfowl, and 
that collections of H. azteca for one year may give fairly 
reliable information concerning amphipod activity. Although 
the percentage of naturally infected Hyalella azteca in this 
study was only 0.0 to 9.0 percent, infected hosts are available 
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throughout the summer with the maximum rate of infection 
occurring in mid-June. From Cooper's (I965) and Bennett's 
(1938) work, it appears that the percentage of infection 
indicated by sampling Hyalella for a single year might be 
expected to vary little in succeeding years, since both 
definitive and intermediate host populations are relatively 
stable. 
Recent studies by Cornwell and Cowen (1963) and by 
Graham (1966) concerning helminth populations of the canvas-
back (Aythya valisineria), lesser scaup (Aythya affinis) and 
ruddy duck ( Oxyura rubida) also demonstrate that host-
parasite interactions are closely associated with environ­
mental factors, and may provide valuable means for solving 
parasitological problems. My investigation of the blue-winged 
teal (Anas discors) also indicates that the number of infec­
tive Corynosoma constrictum found within a particular 
ecosystem is controlled by successful interaction of the 
host, the parasite, and their environmental factors. Certain 
of these factors were discussed previously in a section of 
this paper dealing with definitive hosts. 
Experimental Infections 
Laboratory-reared Hyalella azteca were maintained in 
large glass aquaria of artificial spring water kept at 20 to 
23°C. Boiled elm leaves, Lemna, Elodea, and Chara, supple­
mented with Brewer's yeast, furnished food and cover for 
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laboratory amphipods. A light period of approximately 15 
daylight hours and 9 hours darkness was maintained In the 
rearing room. Water In stock cultures was changed as needed, 
and all tanks were continually aerated. 
Amphipods selected for exposure were of unknown ages 
but in general, juvenile, sub-adult, and adult males were 
used for feeding experiments. Females with eggs or broods 
were avoided so that stock animals were not depleted. Groups 
of 5, 10, or 15 Hyalella were placed In a Petri plate con­
taining a boiled elm leaf and artificial spring water. 
Embryonated eggs of Corynosoma constrlctum were removed from 
the body of female worms and were pipetted onto the leaf. 
After exposure for two hours, Hyalella were rinsed one hour 
In each of three changes of spring water, and were then placed 
In plastic quart containers kept at 20 to 23°C. These 
amphipods were checked regularly under a dissecting microscope 
for signs of development. Elm leaves and Brewer's yeast were 
added to the plastic containers, and water, food, and substrate 
were changed as needed. 
Some Hyalella were removed periodically and were fixed 
In warm Bouln's or In cold Carnoy's solutions, or were 
allowed to develop to juvenile stages before being fed to 
laboratory-reared ducklings. A summary of feeding experiments 
with laboratory-reared amphipods Is presented in Table 10. 
Feeding experiments utilizing naturally-Infected amphipods 
are summarized in Table 6. 
Table 10. Summary of feeding experiments of Corynosoma 
constrictum eggs to laboratory-reared Hyalella 
azteca 
Host 
Mallard 
(E) 
Teal (N) 
Scaup (N) 
Number Number Number Number amphipods 
female amphipods hours examined 
worms exposed exposed Positive Negative 
2 15 4 15 0 
6 25 3 20 5 
7 26 2 26 0 
Many 50 12 2 40 
Many 75 12 1 65 
Many 25 12 22 0 
8 40 12 38 2 
5 25 2-10 15 10 
5 50 3 16 22 
8 90 2-5 0 90 
Many 50 2-4 0 15 
Many 12 2 1 0 
Many 24 2-2 1/2 2 0 
23 60 3 0 3 
23 40 12 0 2 
4 10 3 1 0 
15 146 2-7 13 17 
9 78 3 17 11 
4 39 2 1 5 
14 138 2 6 28 
7 25 3 6 7 
5 75 2 27 12 
6 60 2 28 0 
6 60 2 27 0 
5 50 2 26 10 
4 40 3 19 0 
5 50 3 14 0 
23 230 2 20 66 
*Experlmentally-developed infections. 
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Table 10. (Continued) 
Percent 
infection 
Number larvae 
recovered p 
Acanthellal Juvenile 
Larva age^ 
(in days) 
100 15 0 1-21 
80 20 0 1-28 
100 26 0 (30:24) 
4 00 2 35,55 
1 00 (4) 50 
88. (22) 0 27-29 
95 (36) 2 18-54 
60 30 6 21-53 
32 21 (3) 1-34 
0 00 0 
0 00 0 
8 00 1 58 
8 1 1 29,58 
0 00 0 
0 00 0 
10 3 0 14 
8 27 1 11-39 
22 50 0 14-28 
3 1 0 29 
4 13 0 6-21 
24 4 1 14-38 
36 27 0 13-27 
47 37. 0 11-27 
45 27 0 16-30 
52 28 0 14-30 
48 19 0 3-18 
28 14 0 3-20 
9 18 (2) 16-49 
1 
^Parentheses indicate larvae from overexposed amphipods. 
p 
Parentheses indicate number of Juveniles recovered from 
one amphipod. 
•3 
Parentheses indicate timed exposures from 30 minutes 
through 24 hours. 
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Twenty-six experiments were conducted utilizing eggs 
of female C. constrictum recovered from naturally-infected 
blue-winged teal (dabbling ducks) and lesser scaup (diving 
ducks). Two laboratory-reared mallards (dabblers) were 
exposed to naturally-infected amphipods, and eggs of adult 
female worms recovered from their digestive tracts (Table 
6) were subsequently fed to laboratory-reared H. azteca 
(see Table 10). Pour-week-old acanthellae developed in 
these experimental Hyalella, but overexposure prevented 
development to maturity. 
Using procedures suggested by Hynes and Nicholas (1957) 
who exposed gammarids to eggs of Polymorphus minutus over­
night, laboratory-reared Hyalella azteca were initially 
allowed to feed on eggs of Corynosoma constrictum for 
approximately 12 hours. This resulted in many multiple 
infections and subsequent high mortality rates among labora­
tory animals. However, acanthellae were found up to 36 
days, and four amphipods contained juveniles 50 to 55 days 
old. Acanthellae recovered were fixed in warm Bouin's, 
whereas infective juveniles were fed to laboratory-reared 
ducklings or to chicks (see Table 11). 
After overexposing laboratory Hyalella, several experi­
ments were conducted to determine optimal exposure time for 
successful development of C. constrictum. Prom these 
studies, it was discovered that two to three-hour exposures 
yielded highest infection rates, with the fewest number of 
Table 11. Summary of experimental life cycle data for 
Corynosoma oonstrlctum 
Number Age of 
Source juveniles Juveniles Experimental Age of 
of eggs fed (in days) host host 
Teal (N) 4 (E) 55 mallard 1 year 
Teal (N) 4 (E) 50 mallard 1 year 
Teal (N) 1 (E) 54 chick 2 weeks 
Teal (N) 3 (E) 34 mallard 6 weeks 
Teal (N) Ci 381 493 teal 14 days 
Teal (N) 1 (E) 49 teal 90 days 
10 (N) Y mallard 5 days 
10 (N) ? mallard 5 days 
*(N)=naturally-infected host; (E)=experimentally-
infected host. 
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Table 11. (Continued) 
Number 
acanthellae 
recovered 
30 0 0 0 
30 0 0 0 
30 0 0 0 
30 0 0 0 
30 0 0 0 
60 0 0 0 
30 2 15 15(1-21 days) 
35 6 25 20(1-28 days) 
Number days Number Number 
before adult worms laboratory 
autopsy recovered Hyalella exposed 
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deaths. In subsequent experiments, acanthellae from 3 to 34 
days development were recovered. These specimens were fixed, 
stained, and sectioned at eight microns or prepared as whole 
mounts as previously described. In addition, juveniles 34 
to 55 days development were recovered and then fixed, stained, 
and sectioned for study or were fed to laboratory-reared 
ducklings (see Table ll). 
A special series of experiments was conducted to 
determine time of acanthor penetration and establishment of 
acanthellae within the haemocoel. Following two hours ex­
posure and rapid rinsing, a single amphipod was removed at 
30 minutes and one each at hourly intervals thereafter, 
through a 24-hour period. These specimens were fixed 
Immediately in warm Bouin's or APA. Results of the examina­
tion of sectioned and whole mount material from this series 
of experiments will be discussed in later sections dealing 
with the development of C. constrictum in its intermediate 
host. 
Of 27 experiments designed to produce infective Juveniles 
of C^. constrictum, 11 were successful. Infective juveniles 
included those worms whose fore and hind bodies were finally 
Inverted into the trunk. In this study, C. constrictum 
juveniles were formed as early as day 34. Naturally-infected 
teal and scaup were the source of gravid worms for 9 of the 
27 feeding experiments, whereas 2 laboratory-reared mallards 
furnished gravid females for the remaining 2 successful 
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exposures. 
As Indicated in Table 11, no adult C. constrictum were 
recovered from laboratory-reared teal or mallards which had 
been fed Juveniles derived from experimental amphipods. 
However, two laboratory-reared mallards harbored adult C. 
constrictum derived from naturally-infected amphipods. 
Eggs from these mallards when fed to laboratory-reared 
Hyalella developed to the acanthella stage four weeks after 
exposure. Thus indicating that Hyalella azteca serves as a 
suitable intermediate host for C. constrictum. The failure 
of juveniles to develop in the amphipods was the result of 
premature death of Hyalella, probably because of the massive 
nature of the infection. 
There are several possible explanations for failure of 
laboratory-reared juveniles to produce infections within 
experimental ducklings. Prom Table 6, it is apparent that 
all positive infections within laboratory-reared birds 
resulted from the ingestion of at least ten infective 
juveniles. In some experiments, a maximum of four juveniles 
was fed, and in several cases these three or four were con­
tained within one host animal. That too few juveniles were 
fed to ducklings is the most likely explanation for failure 
of successful establishment of an infection. However, It is 
also possible that in amphipods containing two or more 
juveniles, full development of the parasite to the infective 
stage did not occur. As previously mentioned, factors 
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affecting viability of Juveniles have not been determined, 
and juveniles which appear to be normally developed may be 
physiologically incapable or establishing an infection. 
In addition, Hynes and Nicholas (1958) have shown that 
resistance to infection by gammarld species, the intermediate 
hosts of P. mlnutus, may occur. Their studies indicate that 
individual strains of P. mlnutus exist, and that differences 
In the ability of worms to infect several species of 
Gammarus are demonstrable. Certain strains of Polymorphus 
mlnutus show preference for individual species of intermediate 
hosts, although these strains are not limited to a single 
gammarld. Development proceeds normally if acanthellae 
appear in the same species of intermediate host as that of 
the parent, but growth is retarded if the shrimp species 
differs from that of the parent. This reaction to develop­
ing acanthellae usually occurs within three weeks post­
exposure . 
With regard to these observations, it is not known 
whether C. constrlctum possesses strains primarily adapted 
to one or more definitive hosts. However, from this study 
it appears that the possibility of at least two strains, 
one preferring diving ducks and the other dabbling ducks, 
may exist. It is al50 likely that most naturally-infected 
H. azteca in northwestern Iowa lakes and marshes are seeded 
by migrating scaup (divers) in the spring, and that these 
amphipods are then eaten by young teal (dabblers) during the 
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simmer. Possibly one strain may be suited for diving birds, 
another for dabbling birds, and although cross-infections 
may occur, perhaps better results are obtained when succes­
sive generations of the parasite are developed in birds of a 
single host species. 
It is also possible that physiologically different or 
resistant strains of Hyalella producing low rates of infec­
tion may have been involved. Stock cultures of H. azteca 
had been interbred in the laboratory for at least six years 
prior to this study, and these amphipods did not seem as 
hardy as those collected in nature. In addition, these H. 
azteca are maintained on a more restricted diet under 
rather protected circumstances, and stress factors intro­
duced during exposure and subsequent infection, may have 
been too great for survival of these laboratory Hyalella. 
Information provided by the two laboratory-reared 
mallards which did produce gravid adults, and whose eggs 
yielded acanthellae within laboratory Hyalella, tends to 
support the argument that lack of sufficient Juveniles is 
the most likely source of difficulty. Support for this 
view is provided by the fact that in these experiments, 
naturally-infected H. azteca whose source of infection was 
probably lesser scaup (diving ducks), produced gravid C. 
constrlctum in laboratory mallards (dabbling ducks), and by 
the fact that eggs from these experimental worms produced 
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four-week-old acanthellae in a second generation of 
amphipods (from laboratory cultures). 
In summary, Corynosoma constrictum Juveniles from 
naturally-infected populations of Hyalella azteca have been 
successfully established within the intestine of two 
laboratory-reared mallards. Eggs from these experimentally-
developed worms were fed to laboratory-reared H. azteca, 
and subsequently acanthellae (28 days post-infection) were 
recovered. In addition, eggs from adult C. constrictum 
recovered from naturally-infected ducks have been fed to 
laboratory-reared Hyalella, and mature juveniles have been 
produced. These juveniles were then fed to laboratory-
reared ducklings, but no worms were recovered, probably 
because so few larvae were fed. Nonetheless, despite these 
somewhat limited experimental data, it is apparent that 
H. azteca serves as a suitable intermediate host for C_. 
constrictum in both experimental and in natural popula­
tions of this amphipod. 
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DEVELOPMENT WITHIN INTERMEDIATE HOST 
Laboratory-reared Hyalella azteca used to establish 
experimental infections of Corynosoma constrictum were 
selected on the basis of age, size, and sex. Developmental 
stages are more easily studied in young Hyalella azteca 
because of their transparent cuticle. Juvenile, sub-adult, 
and some adult males were employed for laboratory experi­
ments insofar as was possible. These amphipods, about half 
to three fourths grown, showed less resistance to infection 
than did older males and females. Hynes and Nicholas (1958) 
have shown that although reproductive activity in male 
gammarids of several species is unaffected by parasitic 
invasion of Polymorphus minutus, female crustaceans harboring 
juveniles of this species never reproduce normally. Obser­
vations of naturally-infected female Hyalella in my study, 
support this view. Irregularly-shaped and atrophied ovaries 
were seen within the body cavity of female H. azteca con­
taining juveniles of C. constrictum. Therefore, no female 
Hyalella were used to establish experimental infections of 
Corynosoma. 
As mentioned previously, H. azteca were exposed to eggs 
of Corynosoma for two hours, and then were rinsed and placed 
o 
in plastic containers kept at 21 to 23 C. These crustaceans 
were examined regularly under a binocular dissecting micro­
scope for signs of developing acanthellae. Living Hyalella 
were Individually pipetted onto a plastic tray bearing eight 
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shallow, circular depressions, and they were positioned with 
coverslips prior to examination. Orange acanthellae as 
early as three days post-exposure were easily visible 
through the transparent exoskeleton of the amphipod (Fig­
ure 21 ). 
Naturally-infected amphlpods examined for juveniles of 
Corynosoma constrictum harbored from one to three worms per 
host, whereas experimental infections of H. azteca with 
this acanthocephalan resulted in the development of as many 
as four juveniles per intermediate host. In addition, as 
many as 33 acanthellae were observed within the haemocoel 
of some laboratory-infected amphipods. Successful develop­
ment of infective juveniles, however, usually occurred only 
in those Hyalella bearing one or two juveniles. In multiple 
infections, stress due to overexposure often resulted in 
death of the amphipod. In this study, the greatest number 
of dead or dying amphipods appeared on days 6, 12, 17, and 
21. Prom my observations, it appears that developing 
acanthellae undergo much growth and differentiation at these 
times. That great amounts of energy are probably required 
for this differentiation, offers a partial explanation for 
the high mortality of Hyalella on these days. 
Examination of fixed specimens of C. constrictum 
(acanthor to juvenile stages) was limited primarily to the 
study of sectioned material. Except for a 24-hour series 
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showing hatching and penetration of the acanthor, all develop­
mental stages studied were from dead or dying amphlpods 
bearing worms 1 to 55 days old. 
The terminology for developmental stages of C. con-
strlctum employed In this study is essentially that proposed 
by Van Cleave (1947a). Development of a fertilized egg of 
C. constrictum within the body of a female worm produces an 
embryo surrounded by four membranes. At maturity, this 
contained larva is correctly called an acanthor. Release of 
the acanthor from its surrounding membranes occurs only after 
its ingestion by a suitable intermediate host (Hyalella 
azteca). The term acanthor is also correctly applied to the 
parasite during its sojourn In the gut of the intermediate 
host and following its penetration through the host's intes­
tine. Following penetration, the acanthor becomes free 
within the haemocoel of H. azteca, gradually rounding into 
an organized mass of cells, the acanthella. Throughout this 
phase, growth and differentiation of adult organs and 
structures occur. Delineation of most of these organ 
primorlda and structures Into functional units of the adult 
initiates the third, or juvenile phase of acanthocephalan 
development. Sexual maturity and total body development of 
C. constrictum is completed within the definitive host, as 
it is in most Acanthocephala. Recently, however, Schmidt 
and Olsen (1964) have demonstrated that the ovary of 
Prosthorhynchus formosus fragments into ovarian balls while 
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the juvenile is still within its isopod intermediate. 
In this study, the term cystacanth proposed by Chandler 
and Read (1950) is avoided as a term to designate the final 
developmental stage of C. constrictum within its intermediate 
host. Van Cleave's (19^7^) original term Juvenile appears 
to be more appropriate. 
In his critical review of terminology for immature 
stages of acanthocephalans. Van Cleave (1947a) used the 
term juvenile for infective stages of worms within inter­
mediate and reservoir hosts. Chandler and Read thought that 
this term (juvenile), when applied to infective forms within 
intermediate hosts, as well as to re-encysted forms in 
secondary transport hosts, was confusing. For that reason, 
they suggested the new name cystacanth be applied to the 
fully-developed encysted, infective stage, and the term was 
widely accepted. Their unfortunate decision appears to have 
been based upon the erroneous assumption that all juvenile 
acanthocephalans within the intermediate host are surrounded 
by a hyaline sheath or cyst. Van Cleave's original article, 
however, clearly states that Juvenile acanthocephalans are 
those found developing within an intermediate host, and 
that during such development, the intercalation of second 
intermediate or reservoir hosts may produce juveniles 
either free or secondarily encysted within the body cavity. 
Nowhere does he indicate these juveniles must be enclosed 
by a sheath. Observations by Cable and Dill (1967) and by 
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myself uphold this view. The former two authors have reported 
that the term cystacanth is inapplicable for at least three 
species of neoechinorhynchids, none of which possesses a cyst 
or sheath of any kind during its development within its 
intermediate host. In addition. King and Robinson {1967) 
have stated that the term "cyst" is unfortunate because, in 
Moniliformis dubius, it appears that the sheath is a product 
of the host's haemocytes. Prom my investigation, too, it 
appears that in the course of development of Corynosoma con-
strictum, a hyaline envelope is lacking, except after long 
periods of contact between the parasite and its intermediate 
host. That there appears to be some relationship between 
cyst formation and the time the parasite is in contact with 
the host, has been implied by various authors. Whether the 
Infrequent appearance of these cysts in C. constrictum results 
from action of the host, parasite, or combinations of both, 
was not determined in this study. Support for each of these 
cyst origins may be found in the literature. 
Prom the above discussion, it appears then, that Van 
Cleave's term Juvenile should be restored to Its original 
meaning, thus defining fully-infective stages (whether free 
or encysted) within intermediate hosts, and that the original 
meaning of the term cystacanth should be considered invali­
dated. Perhaps cystacanth should be avoided entirely, or 
perhaps re-defined to include those stages which encyst in 
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paratenlc hosts, as has been suggested by Cable and Dill 
(1967). 
Development of the Egg 
Early studies on acanthocephalan embryology Include 
those of Schneider (1871), Kaiser (1893), Hâmann (1891), and 
Meyer (1931, 1932, 1933). Recent workers include Nicholas 
and Hynes (1963b), whose studies on Polymorphus minutus have 
given a rather complete story of the embryology of one 
Palaeacanthocephalan species. 
In Corynosoma constrictum, the ovary probably fragments 
into ovarian balls immediately following entrance of the 
juvenile worm into the gut of the bird. As early as 10 days 
post-exposure, ovarian balls were observed floating free in 
the pseudocoel of a female worm recovered from a laboratory-
reared blue-winged teal (Anas discors). Males are probably 
ready to copulate during the first two weeks within the 
definitive host, for adult males were recovered from the 
feces of laboratory-reared mallards (Anas p. platyrhynchos) 
as early as I5 days post-infection. Fully-developed 
acanthors have been recovered from experimental female C. 
constrictum as early as 23 days post-infection, and complete 
» 
distension of the female's body cavity with fully-developed 
acanthors occurs 30 days post-ingestion by suitable experi­
mental definitive hosts. 
Embryonic development was not followed in great detail 
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in this study. Some observations of living and fixed specimens 
of C. constrictum were made, however, and are discussed below. 
Eggs in various stages of development were removed from 
the body cavity of gravid female C^. constrictum recovered 
from naturally-infected blue-winged teal (three weeks to one 
year old), and from laboratory-reared mallards 23 to 30 days 
post-infection. Maturing eggs were placed in avian Ringer's, 
were stained with supra-vital stains, and viewed under a 
compound microscope. In C. constrictum, as in other acantho-
cephalan species, cell walls become difficult to detect early 
in development (about the 36-cell stage), so that egg matura­
tion deals chiefly with nuclear changes. For this reason, 
nile-blue sulfate was used for nuclear staining, neutral 
red for protoplasmic staining, and silver nitrate for 
elucidation of membranes. Fixed specimens within the body 
cavity of females were stained with Mayer's paracarmine and 
were mounted in Permount. Measurements were made of both 
living and fixed eggs to partially compensate for errors 
Introduced by different treatment prior to examination. 
Ovarian balls of C. constrictum appear to contain 
nuclei arranged in a syncytium, with maturing oocytes situ­
ated around the periphery. The entire structure appears to 
be enclosed by a limiting membrane. Sperm were never seen 
attached to the ovarian ball or to its membrane, as was 
reported for Polymorphus minutus by Nicholas and Hynes 
(1963b). Oocytes freed from the ovarian ball possess two 
small polar bodies which persist until about the 36-cell 
stage, or until the development of the second egg membrane. 
The first (Figure I5) and second cleavage divisions 
are slightly unequal, and the third more so, so that four 
macromeres appear in tanden occupying three fourths of the 
anterior area, and four smaller cells (micromeres) are 
located posteriorly. Throughout these divisions, dimensions 
of the maturing egg remain about the same, i.e., 8-12 
microns by 30-45 microns, and the egg is enclosed by a 
fertilization membrane. 
Following the 36-cell stage, all indications of cell 
membranes disappear, and a process of nuclear condensation 
begins, so that a separation of cortical and medullary 
elements becomes apparent. Numerous giant nuclei are distri­
buted through out the cortex. At this stage, the terms 
anterior and posterior may be applied to the developing 
acanthor on the basis of the location of polar bodies, 
shape of the developing embryo, and differentiation of 
acanthor structures. The polar bodies appear at the blunt 
end of the developing embryo, away from the single large, 
off-center macromere, which, as in Polymorphus mlnutus, 
appears to be the focal point of inner nuclear condensation. 
This macromere lies close to the tapering anterior end 
where embryonic hooks of the acanthor develop. Therefore, 
in C. constrictum it appears that the definitive anterior 
end lies opposite the location of the polar bodies. 
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Monn^ and Horiig (1954), Monne (1959), and West (1964a, b) 
have studied the embryonic envelopes of several acanthocephalan 
species, and have determined that four distinct membranes 
surround the embryo, namely: an outer membrane of non-keratin 
protein, a strongly birefringent fibrillar coat of non-keratin 
protein, a two-layered shell of keratinized protein and 
chitin, and an inner proteinaceous membrane. In C. con-
strictum, the fertilization membrane (Figures 15 thru l8) 
remains as the outermost of the four protective membranes. 
Formation of a two-layered shell (Figures l6 thru l8) occurs 
after the 36-cell stage, but prior to nuclear condensation, 
and appears inside the fertilization membrane. When this 
shell completely surrounds the embryo, polar elongations 
form (Figure 17), finally giving the mature egg its charac­
teristic rolling-pin shape (Figure l8). Outside the shell, 
a third strongly birefringent, ropy membrane (Figure 17) 
develops which, after the acanthor hatches, produces twisted 
and tangled threads within the gut of Hyalella. The final 
and fourth membrane (Figure 18) is a thin fragile covering 
adhering closely to the developing acanthor. 
The embryology of Corynosoma constrlctum will be com­
pared with Polymorphus minutus of the Class Palaeacanthocephala, 
and with Macracanthorhynchus hirudinaceus Meyer, Class 
Archiacanthocephala, 
The polar bodies of Corynosoma constrlctum are located 
at the definitive posterior end of the organism. Nicholas 
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and Hynes (1963b) found In P. mlnutus, however, that the 
polar bodies were placed at the future anterior end of the 
acanthor. 
Cleavage divisions in these three species differ from 
one another in arrangement of blastomeres, although the 
first three divisions in all three species are unequal and 
result in the formation of macromeres and micromeres. In 
C. constrictum, there are four macromeres in tandem anteri­
orly, with four micromeres located posteriorly, whereas in 
P. minutus, its four macromeres lie next to several genera­
tions of micromeres, i.e., side by side. In M. hirudinaceus, 
the first four macromeres lie obliquely across the embryo. 
Micromeres occur both in front of and behind these macromeres, 
so that each quadrant finally possesses two anterior micro­
meres, two macromeres, and four posterior micromeres. 
Cell membranes become indistinct in P. minutus, C. 
constrictum, and M. hirudinjaceus at about the 36-cell stage. 
Subsequent formation of the inner nuclear mass and formation 
of the acanthor of C. constrictum is discussed in the following 
section. 
Acanthor 
In this study, fully-embryonated eggs of Corynosoma 
constrictum from naturally and experimentally-infected 
definitive hosts were examined. The acanthor is elongate, 
attenuated at its anterior end, and is surrounded by four 
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distinct membranes (Figure l8). Living acanthors still con­
tained within their surrounding membranes measure 50.3 (37.0-
69.0) microns by 17.4 (9.0-35.0) microns. Variations in 
size of egg and acanthor are indicated in Table 12. That 
such size variations may be induced by treatment prior to 
measurement has been suggested by Moore (1946b), Schmidt and 
Olsen (1964), and by myself. In addition, variations in size 
of the egg and acanthor may be host-induced. Support for 
this view has been previously discussed in the section dealing 
with the morphology of adult constrictum. 
The embryonic armature of G. constrictum acanthors con­
sists of three pairs of slender blade-like hooks, a pair of 
cuticular lists, and three reduced pairs of small hooks, all 
arranged on a conical protuberance (Figure I8). Each of 
these three pairs of larger hooks appears to be capable of 
moving. The acanthor hooks of L. thecatus and P. minutus 
(echinorhynchids), and those of Octospinifer macllentis Van 
Cleave and Paulisentls fractus Van Cleave and Bangham 
(neoehinorhynchids) differ from those of C. constrictum in 
possessing relatively undifferentiated spines. The embryonic 
hooks of C. constrictum occupy a position intermediate to 
those species mentioned above, and to those of some members 
of the family Gigantorhynchidae (e.g., Prosthorhynchus 
formosus Van Cleave, Moniliformis dubius Meyer, and 
Macracanthorhynchus hirudinaceus Meyer). All of these last 
species possess well-developed broad blade-like hooks. 
Table 12. Measurements of living and fixed eggs and acanthors of Corynosoma 
constrictum from naturally and experimentally-infected definitive 
hosts, all measurements in microns 
Living specimens Fixed specimens 
Host Egg Acanthor Egg Acanthor 
Teal 100.6(80.0-123.0) X 50.3(37.0-69.0) x 80.3(47.6-123.0) x 39.2(32.3-49.3)x 
21.8(15.0-30.0) 17.4(9.0-35.0) 15.0(10.0-20.0) 10.2(6.8-15.3) 
Mallard* 79.0 x l6.4 38.0 x 9.1 
Scaup 70.3 X 16.4 
*Experimentally-infected hosts. 
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Furthermore, the acanthor of C. constrlctum resembles P. 
mlnutus and 0. macllentls in its apparent absence of body 
spines. 
In his study on the armature of acanthocephalan 
embryos, Grabda-Kazubska (1964) has shown that a great deal 
of variation occurs among species, and that the changes in 
taxonomy proposed by Petrochenko (1956, 1958) based upon 
embryo armature, cannot be accepted. Grabda-Kazubska has 
suggested, however, that most of the embryonic hook arrange­
ments described in his study have a common origin. Further­
more, he states that the symmetrical undifferentiated pattern 
seen in Polymorphus, in which each half of the divided apical 
protuberance bears a number of similar hooks, may be charac­
teristic of related species. Observations in this study on 
the armature of the acanthor of C. constrictum, however, are 
at variance with this view. 
In this investigation, infective acanthors in the 
presence of crushed amphipod juices were observed contracting 
their bodies and vigorously moving the anterior hooked region 
from side to side. This degree of activity was observed 
while mature embryos were still contained within their 
surrounding membranes. The active movement of the hooked 
anterior region and of the posterior regions of the body, as 
well as the previously mentioned movement of each blade-like 
hook, suggests the presence of muscle fibers within the 
acanthor of C. constrictum. Other workers have reported 
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similar elongation, contraction, and lateral motion in 
various acanthocephalans following hatching of the acanthor, 
and all have inferred the presence of muscles or contractile 
fibers within the acanthor body. Such activity in the 
echinorhynchids Leptorhynchoides thecatus and Polymorphus 
minutus has been studied by DeGiusti (1949b) and by Hynes 
and Nicholas (1957), respectively. Movements of recently 
freed acanthors of L. thecatus on the intestinal epithelium 
of the host was described by DeGiusti, who reported that the 
anterior end of the acanthor grasps the host's epithelium 
by means of a cup-shaped pouch, and then pulls the posterior 
body region forward. When not attached to the host's 
epithelium, the acanthor extends and flexes its body aim­
lessly. According to Hynes and Nicholas (1957), P. minutus 
demonstrates much hook and body movement, actively clawing 
its way through the host's intestinal wall. In addition. 
Harms (1965) has suggested that retractor fibers in the 
neoechinorhynchid 0. macilentIs are responsible for the 
rhythmic movements (20 cycles per minute) he observed, 
although he was unable to demonstrate their presence with 
phase-contrast microscopy. Moore (1946a, b), however, has 
described in detail the muscular apparatus of two gigan-
torhynchid acanthors, i.e., Macracanthorhynchus ingens 
Meyer and Moniliformis dubius Meyer. From his observations, 
Moore states that two retractor muscles originate on the 
anterior third of the body wall, and insert somewhere between 
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the two median blade-like hooks of this region. These 
retractors initiate lengthwise contractions of the acanthor. 
In addition, Moore has indicated that a circular anterior 
muscle band induces movements in the anterior body region, 
and that a subcuticular spiral muscle band induces lateral 
body movements. Although my observations of C. constrictum 
tend to support Moore's and Harms's views, further work, 
perhaps at electron microscope levels, is needed to eluci­
date questions concerning the presence and arrangement of 
muscle or contractile fibers. 
Acanthors of C. constrictum and other species described 
above, all possess an inner nuclear mass (entoblast) of 
condensed nuclei, and an outer peripheral area of granular 
protoplasm. Vesicular cortical nuclei are present within 
the outer granular layer, and vary in number from a few in 
0. macilentis, P. fractus, M. dubius, and M. Ingens to many 
in C. constrictum, L. thecatus, P. minutus, and P. formosus. 
These vesicular nuclei increase in volume and may remain as 
giant nuclei within the adult epidermis (as in the Archi-
acanthocephala and Eoacanthocephala), or they may fragment 
into many epidermal nuclei (as in the Palaeacanthocephala). 
The shape of the inner nuclear mass (Figure l8) of C. 
constrictum resembles an hour-glass, and, as in other 
Acanthocephala, is the anlage for most Internal structures 
and organs of the adult worm. In C. constrictum the giant 
cortical nuclei of later stages are derived from uncondensed 
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nuclei appearing lateral, anterior, and posterior to the con­
densed nuclei of the acanthor's inner nuclear mass. The 
hour-glass shape of this inner mass in C. constrictum suggests 
that two organ primordia may be delimited during the acanthor 
stage. Observations of late acanthor and early acanthella 
stages of C. constrictum, in which the nuclei are divided 
into two distinct groups, supports this view. The most 
anterior of these groups forms the proboscis and ganglion 
primordia, and the posterior nuclei form the genital anlage. 
Delineation of the inner mass into two distinct primordia 
closely resembles the developmental pattern of Octospinlfer 
macilentis described by Harms (1965). A greater concentra­
tion of nuclei of the inner nuclear mass appears anteriorly 
in Moniliformis dublus, but Moore (1946b) does not indicate 
such differentiation into specific primordia. The entoblast 
of L. thecatus, P. fractus, P. mlnutus, M. dublus, and M. 
ingens is round or oval, and in each of these species remains 
undifferentiated until after penetration of the host's 
intestinal wall. With supra-vital staining techniques, 
Schmidt and Olsen (1964) have shown that in Frosthorhynchus 
formosus, the inner nuclear mass is situated in a constricted 
medullary area, completely separated from the outer cortical 
layer. No such constriction or separation was observed 
in this study following supra-vital staining of C. constrictum. 
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Hatching 
Eggs of C. constrictum, following their ingestion by 
the intermediate host Hyalella azteca, usually hatch in the 
mid or hind-gut within 2 to 24 hours. Although the mechanism 
of hatching is relatively unknown, it appears that in C. 
constrictum it results from (l) action of digestive enzymes 
of the intermediate host, and (2) mechanical action of the 
gastric mill of Hyalella azteca. Study of sections of H. 
azteca 30 minutes to 24 hours post-exposure indicates that 
the outer membrane of C. constrictum eggs is weakened by 
the action of digestive enzymes secreted in the region of 
the fore-gut, and that mechanical action of the gastric 
mill initiates uncoiling of the fibrillar coat. Eggs ob­
served within the gastric mill as early as 30 minutes after 
exposure had begun to uncoil, and the polar knobs or exten­
sions of the middle shell had been broken. With reference 
to the removal of polar extensions, hatching of acanthors 
of C. constrictum closely resembles that of P. minutus as 
described by Hynes and Nicholas (1957). Hatching along 
preformed ridges or grooves such as that described by 
Schmidt and Olsen (1964) for Prosthorhynchus formosus, or 
along the longitudinal axis of the egg as observed by Moore 
(1946a, b) in Macracanthorhynchus Ingens, was not noted. 
Supporting evidence that enzymatic and mechanical factors 
Influence the activation and hatching of C. constrictum 
acanthors is based upon observations of living eggs removed 
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from the bodies of gravid female worms. As was mentioned 
previously, vigorous acanth^r movements may be induced by 
placing fully-embryonated eggs of C. constrictum in a mixture 
of avian Ringer's and crushed H. azteca juices. Acanthors 
within eggs treated in this manner, move forward and push 
against the inner membrane, laterally twisting their 
anterior hooked regions. Artificial hatching of £. con­
strictum acanthors was never accomplished even when direct 
coverslip pressure was applied. However, partial uncoiling 
of the fibrillar membrane and destruction of the outer 
membrane did result from these applications of pressure. 
An abundance of uncoiled refractile fibrils observed within 
the gut of H, azteca as early as two hours post-exposure, 
further supports the enzymatic and mechanical nature of the 
hatching process. It appears, then, that removal of these 
two coats within the gut of the amphipod intermediate, plus 
the action of the gastric mill to remove the polar exten­
sions, allows the activated acanthor to break through its 
remaining inner membrane and to be released into the intes­
tinal lumen. 
Morphologically, the acanthors of C. constrictum appear 
little changed following liberation from their membranes, 
except for an increase in volume and rounding of the 
anterior end. After hatching, acanthors Immediately begin 
penetration of the intestinal wall of Hyalella azteca, and 
within 24 hours many acanthors may be seen traversing the 
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intestinal epithelium. Penetration is usually complete 
within 24 to 48 hours after ingestion. Characteristic 
orange acanthellae appear free within the haemocoel three 
to six days post-infection (Figure 21). 
Factors influencing the hatching of Corynosoma con-
strictum acanthors are similar to those noted by other 
workers for L. thecatus, P. minutus, 0. macilentis, P. 
formosus, M. dubius, M. ingens, and M. hlrudlnaceus. In 
addition to enzymatic and mechanical factors, Nicholas and 
Hynes (1963b) have suggested that a rise in carbon dioxide 
tension may induce hatching of Polymorphus minutus, and 
King and Robinson (1967) have indicated that bicarbonate 
solutions serve as suitable physiological hatching stimuli 
for M. dubius. Thus It appears that concentrations of 
carbon dioxide may influence the hatching of certain 
acanthocephalan species. As previously mentioned, attempts 
to artificially induce complete hatching of C. constrictum 
acanthors were unsuccessful. Of most all the species noted 
above, attempts to hatch the acanthors under laboratory 
conditions have been similarly unsuccessful. However, 
Moore (1946a, b) has successfully hatched M. dubius and M. 
hlrudlnaceus by drying and rewettlng eggs of these acantho-
cephalans. My attempts to use this technique on C. con­
strictum unfortunately met with no success. 
Time required for hatching varies among the species 
memtioned. Penetration of the host's intestinal wall appears 
104 
to be chiefly mechanical, for in no species of acantho-
cephalans have penetration glands or secretions been truly 
demonstrated. Furthermore, King and Robinson (1967) have 
shown that artificially-hatched acanthors of M. dubius may 
complete their normal development following their injection 
into the haemocoel of the intermediate host (a cockroach), 
even though in normal infections acanthors spend 10 to 12 
days within the host wall. These authors therefore suggest 
that the intestinal wall is merely a physical barrier. 
Following penetration of the intestinal wall, the 
acanthor of C. constrictum rests immediately outside the gut 
wall (Figure I9), or lies free within the body cavity of 
Hyalella azteca. In most cases it lies free, becomes 
spherical, and increases rapidly in size. Its inner nuclear 
mass beings to differentiate, and the cortical nuclei enlarge 
(Figure 19). By the third day after ingestion of eggs, 
development of the acanthella of C. constrictum has begun. 
Development to this stage closely resembles that of Poly-
morphus minutus as described by Hynes and Nicholas (1957), 
except that a much shorter period of time is required for 
development of C. constrictum, i.e., 10 days for the former 
and three days for the latter. Factors affecting the time 
required for development of acanthellae are discussed in a 
following section. 
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Acanthelia 
From three to six days after penetration, the acanthella 
of Corynosoma constrictum grows, elongates, and assumes its 
characteristic orange pigmentation (Figure 2l). Cortical 
nuclei continue to enlarge, become more prominent, and the 
inner nuclear mass further differentiates. Nuclei of the 
proboscis primordium may be seen anteriorly, and just 
posterior to this group of nuclei, the ganglion and genital 
prlmordla may be distinguished (Figure 29). Acanthor spines 
persist until the 12th day after exposure, and appear as well-
developed structures displaced laterally at the definitive 
anterior end (Figure 20). After day 12 the embryonic hooks 
of £. constrictum appear to be resorbed within the body, but 
further study is necessary to determine their fate. 
Beginning on day 8 and continuing through day l4, con­
siderable differentiation of the acanthella occurs. It 
is desirable from this,point forward to follow the develop­
ment of organ systems of Corynosoma constrictum. 
Proboscis and associated structures 
By day 12, 9 giant nuclei have assumed a definite arrange­
ment in the anterior region of the acanthella. A single 
anterior giant cortical nucleus divides, giving rise to 7 
apical nuclei (Figures 30, 32, 33). These 7 nuclei are des­
tined to become incorporated into the definitive apical organ 
of C. constrictum. The remaining 8 giant cortical nuclei, 
destined to become nuclei of the adult lemnisci, have 
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arranged themselves in a ring around the proboscis anlage. 
On day 12, elongation of the acanthella occurs anterior to 
this lemniscar ring, and the primordia of the proboscis, 
proboscis sheath, and retractors of the proboscis are 
visible (Figures 32, 33j 35). Posterior to the lemniscar 
region lie the anlagen of the central ligament, body 
muscles, and genital apparatus (Figure 34). 
Longitudinal sections through 12-day-old acanthellae 
of C. constrictum (Figures 32 thru 35), reveal that nuclei 
of the proboscis sheath primordium and several proboscis 
nuclei have differentiated (Figure 33). The proboscis 
primordium is inverted, and thin cytoplasmic (uncinogenous) 
bands extend forward from the proboscis nuclei, terminating 
at the apical organ primordium (Figure 35). Between days 
21 and 27 these uncinogenous bands become slightly crenulated 
and collectively appear as a cylindrical structure anterior 
to the proboscis nuclei (Figures 4-5 and 48). Eversion of 
the proboscis occurs about day 32, and the anterior region 
of the acanthella increases greatly in diameter during this 
process (Figure 48). At this time the proboscis nuclei are 
carried forward (Figure 49), and the remaining apical nuclei 
finally join those seven nuclei already established as the 
apical organ. Proboscis retractor muscles appear to be 
pulled anteriorly at this time (Figure 49). By day 37, the 
proboscis has begun reinversion into the proboscis sheath. 
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this retraction resulting from the action of we11-developed 
retractor muscles (Figures 52 and 53). The uncinogenous 
bands are deeply crenulated by the 37th day of development, 
and each of these crenulations represents the primordium of 
a proboscis hook (Figure 53). Development of the proboscis 
hooks of C. constrictum occurs after reinversion of the 
proboscis, and detailed study of their formation was not 
made during this investigation. However, proboscis hook 
development is probably similar to that described for other 
acanthocephalans, i.e., hooks develop from their anlage and 
penetrate the subcuticular layers, leaving a thin cuticular 
collar around the hook and a thicker collar around its base. 
As may be seen from Figures 25, 27, and 28, proboscis hooks 
are well-developed in juvenile Corynosoma constrictum. 
Delineation of the proboscis sheath and retractor 
muscles of the sheath coincides with the rapid differentiation 
of the proboscis beginning on day 12 (Figures 30 thru 33). 
Cross sections through 12-day-old acanthellae of C. con­
strictum (Figures 30 and 31) reveal the well-developed 
primordia of the proboscis sheath and its retractors. In 
longitudinal sections through these young acanthellae, 
nuclei of some of the muscle cells have appeared, and by 21 
days development, the proboscis sheath and its enclosed 
structures are clearly defined (Figures 36 and 37). From 
day 27 to day 32, the muscular sheath, seemingly suspended 
within the body cavity, is pulled away from the cortex and 
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proboscis (Figures 47 and 48). Proboscis sheath retractor 
muscles have elongated and penetrate the proboscis sheath 
to insert on its anterior walls. Posteriorly, they attach 
to the body musculature (Figures 4? and 48). By day 37, the 
sheath has moved anteriad with the reinversion of the 
proboscis (Figure 52), and becomes more closely applied to 
the proboscis, proboscis retractors, and ganglion (Figure 53). 
Ganglion and neck retractor muscles 
The ganglion primordium of C. constrictum in 6-day-old 
acanthellae appears as a large cluster of nuclei posterior to 
the proboscis primordium (Figure 29), and by 12 days of 
development, this nuclear cluster has been incorporated into 
the proboscis sheath primordium (Figures 31 thru 33). By the 
21st day, nuclei of the ganglion enlarge and the ganglion 
itself appears to become separated Into distinct layers. 
This layering results from the formation of several 
retinacula or nerve branches (Figures 36 and 37). Further 
development of the ganglion consists of condensation and 
organization of the nuclei of the ganglion (Figures 47 thru 
50, 52 and 53). Prominent lateral nerve fibers, as well as 
the ganglion (Figures 52 and 53) appear to be fully developed 
and functional by day 37. 
Neck retractor muscles follow a pattern of development 
similar to that described for other muscle primordia, e.g., 
the proboscis and proboscis sheath retractors. Cross 
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sections of 12-day-old acanthellae clearly illustrate the 
relationship of the neck retractor muscles of C^. constrictum 
to other developing primordia (Figure 30). Close observa­
tion of longitudinal sections of this same stage (12 days 
post-exposure), reveals that the neck retractor primordia 
adhere closely to the body wall musculature of the acanthella, 
outside the proboscis sheath (Figure 35). By 21 days develop­
ment within the intermediate host, however, neck retractor 
primordia may be seen as well-developed fibers originating 
at the anterior end of the acanthella, coursing laterally 
to their point of attachment along the inner body wall 
(Figures 36 thru 38). Further elongation and condensation 
of these fibers occurs from days 21 through 32 (Figures 42 
thru 50). In experimentally-developed Juveniles, these 
neck retractors become functional by day 34, when inversion 
of the proboscis and its associated structures occurs. 
Cortex 
From day 3 through day 37, the cortex of C. constrictum 
acanthellae becomes increasingly dense, granular, and 
pigmented. Giant cortical nuclei become larger and more 
distinct, but do not increase in number (a degree of nuclear 
constancy or eutely is characteristic of all Acanthocephala). 
As was previously mentioned, in acanthellae 12 days 
post-exposure, the giant cortical nuclei have assumed a 
definite pattern within the peripheral cytoplasm. Between 
12 and 27 days after exposure, the single anterior cortical 
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nucleus divides Into sever! nuclei which are destined to form 
the apical organ (Figures 20 and 30), and the eight remaining 
cortical nuclei encircling the anterior body region of the 
acanthella are destined to form the lemnisci (Figures 22 and 
45). Posterior to these lemnlscar nuclei are eight addi­
tional nuclei (four of which may be seen in Figures 38 and 
39), and a single terminal nucleus. Subsequent division of 
this single nucleus results in 11 nuclei forming either the 
protrusible bell of the male copulatory bursa (Figures 38 
and 39), or the vaginal sphincter of the female (Figure 50). 
Elongation of the acanthella from day 12 to 21 results in 
separation of the lemnlscar and posterior nuclear rings 
(Figure 22). That portion of the body anterior to the 
lemnlscar ring is destined to become the proboscis, and the 
non-nucleated portion immediately posterior to this ring, 
the forebody. In addition, the hindbody may be distinguished 
as a more posterior, heavily nucleated region (Figure 22). 
At about 12 days development, lemnlscar primordia 
appear as discrete outpocketings of the cortex (Figures 31 
and 35). These structures elongate and become vesicular. 
By day 27, these lemnlscar primordia may be seen external 
to the proboscis sheath (Figure 45). In a cross section 
of one 27-day-old acanthella (Figure 45), five of the eight 
prominent nuclei of the lemnlscar ring may be seen encircling 
the proboscis prlmordium and its associated structures. 
Fragmentation and subsequent migration of the lemnlscar 
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nuclei into these dermal primordia occurs between days 32 and 
37. At the time of reinversion of the proboscis, thin 
vesicular lemniscar bands appear, extending laterally along 
the proboscis wall (Figures 52 and 53). Complete develop­
ment of the lemnisci occurs during the Juvenile stage, at 
which time the lemniscar bands elongate, become tubular, 
and assume their more dense, adult character. 
The primordium of the body wall musculature first 
appears in conjunction with the development of the central 
ligament 6 to 12 days post-exposure (Figure 34). As the 
central ligament is separated from the cortex, and the 
definitive pseudocoel is formed, the outermost nuclei of 
this central strand migrate toward the cortex. Between 
days 12 and 21, the primordium of the body wall musculature 
becomes aggregated laterally, closely adhering to the inner 
body wall (Figures 40 thru 43). Development of this 
musculature into two laterally condensed bands occurs 
after day 21, and at this time nuclei of the spindle-shaped 
longitudinal muscles appear (Figures 37 thru 39). Differ­
entiation of the cortex into definitive cuticle, epidermis 
and dermis coincides with the final delineation of the 
underlying circular and longitudinal muscles on days 27 
through 32 (Figures 48 thru 51). The circular muscle 
layer consists of compact cells with prominent nuclei, 
whereas the longitudinal muscle layer consists of rather 
long, spindle-shaped cells, resembling smooth muscle cells 
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seen in vertebrate animals (Figure 55). In addition, from 
day 27 to 37 many minute cuticular spines appear on the 
forebody and in the genital region of the hindbody of the 
acanthella Corynosoma constrictum. These spines appear to 
arise as small protrusions from the subcuticula. Further 
differentiation of these cuticular structures occurs during 
the development of juvenile C. constrictum within its 
intermediate host, Hyalella azteca. 
Development of the lacunar system of C. constrictum 
begins as a fine fibrillar network within the cortex at 
about the time the first lem^lscar buds appear (12 days 
post-exposure), and this network is associated with the 
continued vesicular appearance of the cortex. Beginning on 
day 27, reticular canals may be seen between the inner 
radial layer of the epidermis and the developing circular 
muscle layer of the body wall (Figures 47 and 48). Longi­
tudinal sections of 32-day-old acanthellae (Figures 49 thru 
51), reveal that fragmentation of some of the posterior 
giant cortical nuclei has begun, and that the lacunar canals 
have differentiated further. Thirty-seven days post-exposure, 
a well-developed lacunar system is evident, and It appears 
to be connected with the elongate, vesicular lemnlscl (Fig­
ures 52 thru 55). At this stage, lemnlscar nuclei are no 
longer apparent, and it is assumed they have completed 
fragmentation, and are migrating into the lemnlscl (Figures 
52 and 53). 
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Between the 34th and 55th days of development, the 
proboscis, neck, forebody, and the posterior end of the 
hlndbody become invaglnated within the body cavity of the 
developing acanthella (Figures 2? and 28). Invagination 
of both ends of the acanthella into the body proper signifies 
the termination of the acanthella stage. 
Reproductive systems 
The prlmordla of the central ligament and genital appara­
tus may be distinguished from the surrounding cortex by day 12, 
although the nuclei of these prlmordla remain fairly undiffer­
entiated (Figure 34). At 12 days, the ligament prlmordlum 
appears as a cylinder of nuclei originating immediately behind 
the proboscis sheath prlmordlum, terminating posteriorly upon 
a cluster of 11 nuclei. These nuclei (Figures 32 thru 34) are 
derived from the single posterior giant nucleus. Sexual dif­
ferentiation is apparent by the 20th or 21st day. 
In male C. constrlctum acanthellae, major structures 
of the reproductive system are clearly visible by day 21. 
Just behind the proboscis sheath prlmordlum, and anterior 
to the developing cement glands (Figure 39)> two oval testes 
arise within the central ligament. A complex of several 
nuclei posterior to the two testes gives rise to the cement 
glands, seminal vesicle, and sperm ducts (Figures 37 thru 
39). The relationship of the testes to some of the above-
mentioned structures may be seen in cross sections of 21-
day-old C. constrlctum (Figures 40 and 4l). Elaboration of 
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the seminal vesicle and Saefftigen's pouch does not occur 
until about day 37. At this time, these structures are 
not sufficiently differentiated to be recognizable from 
the genital complex. 
The copulatory bursa and Its associated muscles are 
apparent posterior to the cement gland-sperm duct complex 
(Figures 37 thru 39). At the base of the copulatory 
bursa, a large nucleus (Figures 38 and 39) may be seen, 
and bursal pouches are evident lateral and anterior to 
the bursa Itself (Figures 42 and 43). The 11 genital 
nuclei previously mentioned, ultimately give rise to the 
protruslble bell of the bursa, and are visible 20 days 
post-infection (Figures 38 and 39). By day 27, the bell 
is clearly visible at the extreme posterior end of the 
acanthella (Figure 47). Continued differentiation of the 
bursa copulatrlx may be observed on day 32. At this time, 
the bursal cap and protruslble bell are completely delin­
eated, and are invested by the posterior genital sheath 
(Figure 51). This sheath consists of the ligament sac 
and a layer of muscle cells derived from the body wall 
musculature. Bursal muscles apparent on the 21st day of 
development (Figures 38 and 39), continue their differ­
entiation, and become attached to the inner wall of the 
hlndbody. Inversion of the! hindbody in experimentally-
reared C. constrictum juveniles suggests that the muscle 
complex becomes fully functional on day 34. Most of the 
115 
male genital apparatus is completely developed 32 days post­
infection, although further elaboration of the testes (Fig­
ure 55) and of associated structures (Figure 54) may occur. 
The chief reproductive structures of female C. con-
strictum are formed in a manner similar to that seen in the 
male, except that formation of the ovary does not occur 
until after inversion of the forebody 34 days post-exposure. 
Female genital primordia begin to differentiate on about day 
12, when a nuclear complex of cells similar to that observed 
in the male (Figure 39) develops, and apparently gives rise 
to the uterine bell, uterus, and vagina. By day 32, the 
ovary still remains as a loose band of nuclei (Figure 50), 
posterior to which primordia of the uterine bell and 
uterus may be seen (Figure 50). A cluster of nuclei, 
formerly the terminal giant nucleus of the female, gives 
rise to the vagina, and appears at the extreme posterior 
end of the 32-day-old acanthella (Figure 50). Differenti­
ation of the ovary apparently occurs during development of 
the juvenile stage of C. constrictum. Immature female 
worms possessing ovarian balls free within their pseudocoels 
recovered from 10-day-old infections in experimental blue-
winged teal tends to support this view. 
Juvenile Stage 
Development of the proboscis hooks of jC. constrictum 
is completed during the juvenile stage when these structures 
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penetrate the cuticle of the proboscis 40 to 48 days post­
exposure (Figures 25, 27, and 28). During this stage, too, 
differentiation and elongation of the lemnlsci, as well as 
the final growth and maturation of the body muscles and 
genitalia occurs. Anterior and genital cuticular spines 
continue their development during this invaglnated stage. 
The former appear as well-developed cuticular structures 
and may be seen in Figure 1 .after eversion of the proboscis 
and forebody, and following ingestion by a suitable definitive 
host. In juveniles, premature eversion of the proboscis, 
neck, and forebody results from the application of pressure 
to the coverslip, and gives further evidence for the com­
plete development of cuticular spines during this stage 
(Figure 25). Occasionally, naturally-infected Hyalella 
azteca will also be found containing prematurely evaglnated 
juveniles of C. constrlctum. Whether physiological changes 
within the host, outside environmental factors (such as 
temperature, pH, etc.) or other phenomena Influence this 
premature activation of C. constrlctum is not known. How­
ever, recent studies by King and Robinson (196?) on 
Moniliformis dublus have shown that activation of juveniles 
is Influenced by pH and by the concentration of bile salts 
and carbon dioxide. From Figure 25, it is apparent that 
such early eversion only Involves the anterior end of C. 
constrlctum. In their studies on the development of Poly-
morphus minutus, Hynes and Nicholas (1957) report similar 
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premature eversion of the fore trunk. They indicate that 
either removal of P. minutus from its intermediate host or 
placing the parasite in distilled water results in sponta­
neous evagination. Furthermore, they have recovered everted 
juveniles from dead amphipods in which tissue destruction 
has begun. Prom the above investigations, it appears, then, 
that changes in a number of physical and chemical factors 
within or outside the hoot could result in premature 
eversion of C. constrlctum Juveniles. 
The development of genital spines of C. constrictum 
observed in this study, suggests that males of this species 
initiate and complete genital spine differentiation well 
in advance of female worms. Juvenile males removed from 
the body cavity of H. azteca spontaneously everted their 
anterior body regions when placed in distilled water for 
several hours, although the posterior end remained invagi-
nated. When cleared and m'Runted, well-developed genital 
spines were observed within the introverted genital 
vestibule of these males. Similar treatment of immature 
male C^. constrictum recovered from the feces of experi-
mgatally-infected birds one to four days post-exposure, 
resulted in the eversion of this posterior invaglnated 
end. Observations of these living males revealed the 
presence of numerous well-developed spines irregularly 
arranged. Juvenile female C. constrictum removed from the 
haemocoel of the intermediate host Hyalella azteca, 
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possessed only a few genital spines, however. Upon 
ingestion by a suitable definitive host, and subsequent 
eversion of the posterior end of these females, a few 
reduced, irregularly placed spines were observed (Figure 13). 
Maturation of juveniles of C. constrlctum apparently 
occurs from days 3^ to 55^ although further study is needed 
to determine the exact time infectivity is established. In 
Prosthorhynchus formosus, Schmidt and Olsen (1964) report 
that although the proboscis of this species invaginates on 
day 35i infectivity is not established until days 60 to 65. 
In P. minutus, infectivity apparently occurs at the time of 
invagination of the forebody into the trunk $0 to 60 days 
post-exposure. In addition, P. minutus shows no inter­
vening period of maturation such as that described for 
Prosthorhynchus formosus. 
Development of Immature Stage 
Immature male and female C. constrictum recovered from 
the intestinal wall and feces of laboratory-reared mallards 
(Anas p. platyrhynchos) and blue-winged teal (Anas dlscors), 
have increased in length and width, and possess more well-
developed organs than do juveniles recovered from H. azteca. 
An Immature male recovered from a laboratory-reared mallard 
is shown in Figure 1. Well-defined lemnisci, retractor 
muscles, and nerve fibers are easily distinguished. Female 
C. constrictum recovered from lO-day-old infections in 
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blue-winged teal possess maturing ovarian balls. Although 
no specimens of female C. constrictum recovered from 
laboratory-reared birds possessed an ovary, it may be 
inferred from previously mentioned recoveries in mallards 
and teal, that development of the ovary occurs while the 
juvenile remains within the intermediate host. In addition, 
from the above it appears that fragmentation of the ovary 
occurs 1 to 10 days post-ingestion by a suitable definitive 
host. 
As was previously mentioned, the structure and organi­
zation of female genital spines never reaches the speciali­
zation exhibited by male C. constrictum. Experimental 
immature and mature males recovered 2 to 30 days post­
exposure from laboratory mallards possess an average of 34 
stout, strongly recurved spines (Figure 10), measuring 22 
microns by 1.7 microns, whereas mature female C. constrictum 
recovered 23 to 30 days post-exposure possess an average of 
six spear-like, slightly recurved spines (Figure l4) meas­
uring l8 microns by 5.1 microns. The genital spines of an 
immature female C. constrictum recovered from a 3-week-old 
blue-winged teal (Anas discors), more clearly illustrate 
the differences between young male (Figure 10) and female 
worms (Figure 13). 
Discussion 
Development of C. constrictum within Hyalella closely 
resembles that described by Nicholas and Hynes (1963b) for 
I 
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Polymorphus mlnutus, a member of the family Polymorphidae. 
Penetration and subsequent appearance of the acanthor of 
C. constrictum in the host's haemocoel usually occurs 2 to 
48 hours post-exposure. Immediately following penetration, 
the acanthella may be seen with its anterior end resting 
against the outer surface of the host's intestinal wall. 
No time is spent within tissues of the wall or attached to 
it, as has been observed for some Acanthocephala. DeGiusti 
(1949b) and Schmidt and Olsen (1964) have studied two 
acanthocephalan species which during their development, 
remain within the gut wall, subsequently becoming attached 
to it by a stalk-like structure. In his studies of L. 
thecatus, the former author observed that the developing 
acanthor increases in size and bulges outward from the 
intestinal wall, later becoming attached to it by a short 
stalk. This stalk eventually becomes incorporated into the 
developing body of the acanthella, when L. thecatus drops 
free into the haemocoel of Hyalella. DeGiusti reported that 
an armed rostellum was absent in this species. Schmidt and 
Olsen (1964) have reported that the acanthor of Prosth-
orhynchus formosus lies dormant 15 to 25 days within the 
tissues of the gut wall of its isopod intermediate host. 
Later, it too penetrates the intestinal wall and becomes 
attached to the host by a cuticular stalk. However, P. 
formosus attaches to the tissues lining the haemocoel by 
means of a cuticular extension, rather than to the intes­
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tinal wall. In 2» formosus, the stalk persists for some 
time, usually disappearing after the 30th day of development, 
and contains distally the acanthor's embryonic hooks. 
In Corynosoma constrictum, retention of the embryonic 
hooks only until day 12 (Figure 20) clearly demonstrates 
that the definitive anterior end of the adult is not 
associated with that of the acanthor. This orientation of 
the acanthor, varying as it does from that of the adult, 
is similar to orientations observed for Prosthorhynchus 
formosus, Polymorphus minutus, and Moniliformis dubius. 
Furthermore, in C. constrictum the embryonic hooks appar­
ently become resorbed early in development of the 
aranthella (about 12 days post-exposure). Similar observa­
tions concerning the early loss of these hooks have been 
made for P. formosus and P. minutus. In Moniliformis 
dubius, however, embryonic hooks persist until the develop­
ment of the proboscis, and then appear at the tip of the 
proboscis sheath. Further studies at the electron micro­
scope level concerning the development of these hooks in 
C. constrictum are presently being undertaken by the author. 
From my study, it may be seen that the proboscis 
primordium of C. constrictum is inverted, as it is in P. 
minutus, L. thecatus, and Paulisentis fractus, and that it 
becomes everted during the late acanthella stage. Four 
nuclei are present in the proboscis ring from which 
uncinogenous bands extend toward the seven nuclei of the 
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established apical organ. Pour additional nuclei below 
the tip of the proboscis later join these apical nuclei 
when the proboscis nuclear ring moves forward. These ob­
servations Indicate that In C. constrlctum, development of 
the proboscis follows a pattern somewhat Intermediate to 
that reported for P. mlnutus and P. fractus. In both C. 
constrlctum and P. fractus, four nuclei are present In 
the proboscis ring, whereas In P. mlnutus, eight such 
nuclei have been reported. In addition, seven apical 
nuclei, derived from a single anterior cortical nucleus, 
were observed in this study of C. constrlctum. In P. 
mlnutus, an undetermined number of such nuclei, also 
derived from the anterior cortical nucleus, has been 
reported. In P. fractus acanthellae, however, only three 
apical nuclei have been reported, none of which is derived 
from a cortical nucleus. 
The fate of these nuclei and those of the established 
apical organ of C^. constrlctum has not been determined. 
However, by day 36, only those four additional nuclei from 
the proboscis tip are still visible at the apex of the 
acanthella (Figure 52). Perhaps, as has been suggested 
for Paullsentls fractus by Cable and Dill (1967), all these 
apical nuclei degenerate during the Juvenile stage. 
Emergence of the proboscis hooks through the cuticle 
occurs in C. constrlctum after relnversiori of the proboscis 
into its sheath. This pattern of hook formation resembles 
123 
that recorded for P. mlnutus, but differs from that of P. 
fractus whose hooks emerge while the proboscis Is everted. 
In C. constrictum, a palaeacanthocephalan, eight 
lemniscar nuclei fragment and subsequently enter the develop­
ing lemnlscar buds. In two other palaeacanthocephalan 
species, P. minutus and L, thecatus, four such nuclei are 
contributed to the lemnisci. In neoechlnorhynchlds, three 
nuclei enter the lemnisci, whereas in gigantorhynchids as 
many as 12 may enter these developing organs. 
Development of the ganglion, body wall musculature, and 
genitalia of C. constrictum also essentially resemble patterns 
of other acanthocephalan species mentioned. Paired testes 
are visible within the genital ligament of 21-day-old 
acanthellae, whereas the ovary appears within the juvenile 
34 to 55 days post-exposure. In the acanthocephalan 
Prosthorhynchus formosus, however, precocious development of 
ovarian balls occurs while the juvenile is still within its 
isopod Intermediate host. This is the only known species of 
the phylum Acanthocephala demonstrating precocious develop­
ment of the Juvenile. 
Development of the anterior cuticular spines of C. 
constrictum closely resembles that given for P. minutus by 
Hynes and Nicholas (1957). Development of genital spines 
for species of Corynosoma follows a similar pattern of 
development, and has been discussed previously. Although 
variations occur between the two sexes of C. constrictum in 
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the number and size of spines, the fact that genital spines 
do differentiate and subsequently appear as definitive 
structures in both male and female C. constrictum validates 
the use of such spines as a taxonomic criterion for this 
avian species. 
Juveniles of C. constrictum resemble the closely 
related species Polymorphes minutus in that both ends of the 
body become invaginated (Figures 27 and 28). 
During the development of C. constrictum from acanthor 
to juvenile stage, no evidence of a cyst or hyaline sheath 
appears. A similar absence of such a sheath in the develop­
ment of Paulisentis fractus and other neoechinorhynchid 
species has been reported by Cable and Dill (1967). However, 
in very old infections in the intermediate host Hyalella 
azteca bearing Juvenile C. constrictum, the appearance of 
such a sheath was noted (Figure 26). Conflicting reports 
occur in the literature concerning the origin of this 
hyaline envelope. In view of the apparent absence of 
cystogenous glands in Acanthocephala, Cable and Dill (I967) 
state that in those species in which delayed sheath develop­
ment occurs, host-induced cyst formation is the most 
plausible explanation. Certainly, however, the question 
of the origin of such an envelope surrounding the developing 
acanthocephalan is unresolved. Elucidation of the origin 
of such cysts in several acanthocephalan species whose life 
cycles are known, might provide a clearer understanding of 
125 
host-parasite relationships of Acanthocephala, and help 
clarify certain problems of terminology. 
Development of C. constrictum within Hyalella azteca 
is influenced by a number of factors, including temperature, 
seasonal fluctuations, number of parasites present, sex, 
size, and age of intermediate host, immune responses, and 
individual variations of the parasite and its host. In 
this investigation, the development of C. constrictum 
acanthellae in laboratory-reared amphipods kept at 16 to 
20°C was retarded, but normal acanthellae were produced. 
Initial laboratory feeding experiments were conducted at 
these lower temperatures, whereas succeeding experiments 
were conducted at temperatures 21 to 23°C. Bovee (1963) and 
Cooper (1965) have shown that increasing the temperature 
from l6-20°C to 21-23°C resulted in maximum growth of H. 
azteca. In my studies, similar Increases in temperature 
shortened the time required for normal development of C. 
constrictum to its Juvenile stage by approximately 10 to 15 
days. Additional instances of temperature-Influenced 
developmental periods have been reported for Leptorhynchoides 
thecatus, Macracanthorhynchus ingens, Paulisentis fractus, 
and Polymorphus minutus. 
King and Robinson (1967) have reported that, in addi­
tion to temperature, seasonal fluctuations appear to affect 
the larval developmental time of Moniliformis dubius within 
its intermediate host (a cockroach). Harms (1965) has also 
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observed such seasonal fluctuations in Octospinifer 
macllentis, and suggests that there might be a relationship 
between the ostracod intermediate host's reproductive cycle 
and its subsequent infection. 
Stress induced by crowding is another factor greatly 
influencing the growth of C. constrictum within its inter­
mediate host. A maximum number of two acanthellae develop 
at the normal rate to Juvenile stages within H. azteca, 
whereas as many as four such acanthellae have been observed 
to develop at slower rates to this stage. Multiple infec­
tions of five or more C. constrictum larvae within H. azteca 
always resulted in retarded growth, and less uniform develop­
ment of these acanthellae. Such multiple infections also 
ultimately resulted in the death of the amphipod host. As 
was previously mentioned, growth and differentiation of 
larvae on days 6, 12, 17, and 21, coincident with my recovery 
of many dead or dying amphipods on these days, suggests that 
competition for space is indeed a deciding factor for success­
ful development of C. constrictum acanthellae. Hynes and 
Nicholas (1958) and Cable and Dill (1967) have found that 
crowding also affects the development of P. minutus and P. 
fractus acanthellae within their intermediate hosts. At 
variance with these findings, however, are those of King and 
Robinson (1967), who reported that the size of the Infection 
has no effect upon development of Moniliformis dublus. 
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In addition to the mechanical effect produced by crowding, 
competition for nutrients may also influence development of 
C. constrictum acanthellae, and thus offers another possible 
explanation for the apparent stress, and subsequent high rate 
of mortality recorded for experimental H. azteca on particular 
days in this study. Studies by Moore (1946a, b) on M. ingens 
and M. dubius, indicate that the amount of food available, and 
the ability of the parasites to assimilate it, affects larval 
development of these two species. In addition, studies by 
Cable and Dill (1967) show that lack of food retards the 
growth and development of Paulisentis fractus within its 
ostracod intermediate. As was mentioned earlier, studies of 
King and Robinson (1967) on Moniliformis dubius yielded 
evidence opposing these views. They reported that the size 
of the infection within the intermediate host produced no 
change in the rate of development observed for M. dubius. 
Hence, they suggest that competition for nutrients cannot be 
inferred. The question of competition for nutrients in C. 
constrictum and these other acanthocephalans requires 
further study. 
As was previously mentioned, variations in the nature 
and rate of development of jC. constrictum within H. azteca 
may be influenced by the age, size, and sex of the host. 
Young amphipods are apparently less resistant to infections 
with Corynosoma constrictum than are older H. azteca. In 
those female H. azteca harboring developmental stages of 
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G. constrlctum atrophy of the ovaries was often noted, 
although in male Hyalella, no such signs of castration were 
ever observed. The reproductive system of the female 
amphipod, then, may become partially or completely non­
functional due to the presence of C. constrictum within the 
haemocoel. Similar reports of castration of female inter­
mediate hosts are those of Hynes and Nicholas (1958) for 
Polymorphus in Gammarus spp., and those of Schmidt and 
Olsen (1964) for Prosthorhynchus formosus in the isopod, 
Armadillidium vulgare Latreille. 
Resistance on the part of the intermediate host to 
invasion by acanthors has been noted by DeGiusti (1949b) 
who observed that in H. azteca, a marked cellular response 
occurred when these amphipods were experimentally infected 
with the acanthocephalan Leptorhynchoides thecatus, with 
ultimate formation of a hard cyst-like structure. In my 
study of C. constrictum, a marked cellular response, such as 
that reported by DeGiusti for L. thecatus, at the site of 
acanthor penetration was not noted. However, once within 
the body cavity, migrating haemocytes were sometimes ob­
served surrounding and encasing the parasite. In most cases, 
this activity was confined to young acanthellae (3 to 12 
days post-exposure). Developing larvae of C, constrictum 
successfully encased by these cells become densely orange, 
Irregularly-shaped, and ultimately opaque. With disinte­
gration of the parasite, orange globules of varying sizes 
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appear In the area previously occupied by the parasite. 
Complete destruction of the parasite and its surrounding 
fibrillar tissue does not occur, however. Rather, brown 
opaque spots remain within the intermediate host at the site 
of the parasite's destruction. 
Hynes and Nicholas (1958) have shown that three strains 
of P. minutus exist, and that each of these strains is 
adapted to a particular gammarid species. These authors 
observed that in those infections in which young acanthellae 
of P. minutus were introduced into an resistant gammarid 
strain, abnormal growth or death of the parasite often re­
sulted. They also observed that death of young P. minutus 
was apparently due to a deposition of melanin within the 
worm's body. In this study of C. constrictum, such strain 
resistance was not demonstrated. However, variation in adults 
of this species, and the difficulty encountered in rearing 
developmental stages of C. constrictum, suggests that differ­
ent strains of this parasite and its intermediate host, H. 
azteca may exist. Further study, however, is required to 
ascertain their significance. Neither the formation of a 
hard cyst-like structure such as that described by DeGiusti 
(1949b) for L. thecatus, nor the fragmentation of the 
parasite such as that described by Schmidt and Olsen (1964) 
for P. formosus, was observed in my studies on C. constrictum. 
Prom this investigation, the development of Ç. constrictum 
within Hyalella azteca from acanthor to Juvenile stage 
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appears to be influenced as much by individual variations of 
the host and parasite, as it is by any of the various factors 
discussed above. Others who have studied the life cycles 
of various acanthocephalans and who share this view, include 
Moore (1946b), King and Robinson (1967), and Schmidt and 
Olsen (1964). 
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SUMMARY AND CONCLUSIONS 
The life history, morphology, and host-parasite relation­
ships of Corynosoma constrictum Van Cleave, 1918, an 
acanthocephalan from the intestinal tract of North 
American waterfowl is elucidated. Adult worms are 
found in the lower third of the small intestine. 
The amphipod Hyalella azteca Saussure serves as a suit­
able experimental and natural intermediate host, and the 
anatids Anas p. platyrhynchos (mallard) and Anas discors 
(blue-winged teal) serve as suitable experimental and 
natural definitive hosts. Other natural definitive 
hosts reported from this study include the pintail, 
green-winged teal, shoveler, lesser scaup, greater scaup, 
wood duck, ruddy duck, and American coot. The wood duck 
and greater scaup represent new host records. 
Of 23 known species of Corynosoma, 15 have been reported 
from aquatic birds and I8 parasitize aquatic mammals. 
Prior to this study, no life cycle of an avian species 
of Corynosoma had been reported. 
Avian species of Corynosoma show little definitive host 
specificity, and representatives of the genus are known 
from at least six avian orders, including Orders 
Anseriformes, Pelecaniformes, Charadriiformes, Gruiformes, 
Ciconiiformes, and Passeriformes, with the majority 
occurring in the first two orders mentioned. 
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Members of the genus Corynosoma also demonstrate wide 
intermediate host tolerances, and lack of geographical 
barriers to distribution of the genus increases the 
possibility of its perpetuation. 
At least four species of avian Corynosoma have been 
reported from North America, namely: C. constrictum 
Van Cleave, C. anatarium Van Cleave, C. mergi Lundstrom, 
and C. bipapillum Schmidt. Of these four, C. constrictum 
is most commonly reported. 
In this study, 85 birds representing 9 anatid species 
from the Order Anseriformes and 1 species from the 
Family Rallidae (Order Gruiformes) harbored C. constrictum. 
All species were collected in 1964-196? from birds in 
the lakes region of northwest Iowa. 
In naturally-infected duck populations, juvenile birds 
harbor more worms than do adults from the same region. 
Of 65 adult birds examined, 66.1 percent were infected 
with an average of 10 worms per infected host, whereas 
of 20 juvenile birds, 85 percent harbored an average of 
24.8 worms per host. 
Most definitive ,hQS-ts used in this study included 
representatives of one member each of the dabbling 
duck tribe (Anatini) and diving duck tribe (Aythyini), 
i.e., the blue-winged•teal and the lesser scaup, 
respectively. 
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10. Juvenile blue-winged teal carried a greater worm burden 
than did adults. This difference may be correlated 
with an apparent age immunity and with food 
habits of young or Juvenile birds. 
11. Increased activity of natural populations of Hyalella 
azteca is temperature dependent, and coincides with 
the return of migratory waterfowl and disappearance of 
the ice cover from Iowa lakes. 
12. Early spring migrants, especially lesser scaup, utilize 
nearly all available water areas later employed by 
summer nesting species (especially blue-winged teal) 
for brood rearing. During the 1966 spring migration 
all adult lesser scaup examined carried an average of 
12.8 worms per host. Approximately one-fourth of this 
worm burden consisted of gravid female C^. constrictum. 
13. Hyalella azteca provides a logical food source for 
migrating scaup. Association of these definitive and 
intermediate hosts of Corynosoma constrictum occurs in 
Iowa lakes and marshes during spring migration. 
14. Three possible routes for maintenance of C. constrictum 
in nesting populations of blue-winged teal in north­
western Iowa include: non-resident birds (scaup) trans­
ferring Infections to nesting species (teal), infected 
summer nesting teal returning from wintering areas, 
and eggs or intermediate stages overwintering in the 
water or within Hyalella azteca, respectively. 
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15. Two strains of C. constrictum may exist, one preferring 
diving ducks (Aythyini) and the other preferring 
dabbling ducks (Anatini). Although cross infections 
occur, higher percentages of infection result when 
successive generations of C. constrictum are developed 
in a single host species. 
16. Of 26 feeding experiments in which naturally and 
experimentally-infected juvenile C. constrictum were 
fed to laboratory-reared anatid hosts, 8 (30.8 percent) 
successful infections were established. These ducks 
harbored 1 to 17 worms, with an average of 6 helminths 
per infected host. 
17. Of 23 laboratory-reared mallards exposed to C. con­
strictum juveniles, 7 became infected with an average 
of 3.57 worms per host. Mature males were recovered 
from the feces as early as 15 days post-exposure; 
mature females were never recovered from fecal drop­
pings. Early loss of males accounts for the predominance 
of females in both natural and experimental infections. 
18. Loss of immature worms from some hosts occurred one or 
two days post-exposure. Failure of birds to acquire 
infection may have been due to several factors, namely: 
too rapid passage through the gut, lack of suitable 
activation of juveniles, and lack of infectlvity of 
Juveniles. 
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19. Morphological variations of C, constrictum in all 
naturally-infected hosts examined are considerable, 
such variations apparently inherent within the species, 
because variations of similar magnitude also occur in 
experimental infections. These variations may be 
influenced by age of parasite and host, sex of parasite 
and host, and by physiological factors. 
20. On the basis of this investigation, the original 
description of Corynosoma constrictum Van Cleave, 
1918, is modified and a redescription of the species 
based on data from natural and experimental infections 
is presented. 
21. Regular collections of natural populations of Hyalella 
azteca from three collecting areas of northwestern 
Iowa were made from June through August, 19^5. 
Crustaceans were examined for the presence of character­
istic orange juveniles of C. constrictum. Peak 
occurrence (1.6 to 9.0 percent) of naturally-infected 
H. azteca was from mid-June to early July, with a lesser 
peak (about 1.0 to 3.0 percent) occurring in late 
August through September. These peaks correspond to 
the time of entry of young blue-winged teal into the 
water to feed, and to the beginning of fall "migration 
of summer residents bearing gravid C. constrictum, 
respectively. 
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Laboratory-reared Hyalella azteca used to establish 
experimental Infections of C. constrictum were selected 
on the basis of age, size, and sex. 
As many as four infective Juveniles developed within a 
single experimental intermediate host, but the usual 
number is one or two. As many as 33 acanthellae were 
observed within the haemocoel of these experimental 
Hyalella. Of 27 feeding experiments, 11 produced infec­
tive Juveniles of C. constrictum. 
Corynosoma constrictum Juveniles from naturally-infected 
populations of Hyalella azteca were successfully 
established within the intestine of two laboratory-
reared mallards. Eggs from these experimentally-
developed worms were fed to laboratory-reared H. azteca, 
and subsequently acanthellae (28 days post-infection) 
were recovered. In addition, eggs from adult C. con­
strictum recovered from naturally-infected ducks were 
fed to laboratory-reared Hyalella, and mature Juveniles 
were produced. These Juveniles were then fed to 
laboratory ducklings, but no worms were recovered, 
probably because so few larvae were fed. 
Premature eversion of the proboscis and forebody of 
Juvenile C. constrictum within the haemocoel of H. azteca 
may occur. Changes in osmotic pressure, temperature, 
and pH apparently influence this phenomenon. 
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26. Development of C. constrlctum larvae within the inter­
mediate host Hyalella azteca is influenced by tempera­
ture, number of parasites, sex and age of host, and 
individual variations of parasite and host. Growth of 
acanthellae at l6 to 20°C is retarded, but produces 
normal larvae, whereas temperatures of 21 to 23°C result 
in maximum growth of Hyalella azteca and decrease the 
time for normal development of C. constrictum from 
acanthor to Juvenile stage. ^ 
27. Mechanical and physiological stress Induced by crowding 
always resulted in retarded growth and less uniform 
development of C^. constrictum larvae, and ultimately 
caused death of the amphipods. Marked resistance to 
infection was noted in older amphipods 3 to 12 days 
post-exposure. Acanthellae encased by the host's 
haemocytes, ultimately appeared as orange, opaque spots. 
28. The term cystacanth as proposed by Chandler and Read 
(1950) is invalidated, and Van Cleave's (1945c) original 
term juvenile is restored to designate the fully-formed 
infective stage of this acanthocephalan species within 
its intermediate host. 
29. The development of Corynosoma constrictum from egg to 
adult agrees essentially with that described for other 
species of Acanthocephala. The ovary breaks up into 
ovarian balls immediately following entrance of the 
juvenile into the intestine of the definitive host. 
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Ovarian balls appear as a syncytium surrounded by a 
limiting membrane. Males are probably ready to copulate 
two weeks post-infection. 
30. Fully-developed acanthors of C. constrictum may be re­
covered from female worms as early as 23 days post­
infection, but females completely filled with embryonated 
eggs were not seen until 30 days after infection. 
31. Cleavage divisions of developing eggs are unequal, and 
polar bodies lie at the definitive posterior end of the 
embryo. Pour distinct membranes surround the aspinose 
acanthor, and mature living acanthors average 50.3 
microns by 17.4 microns. 
32. The armature of C. constrictum acanthors consists of 
three pairs of slender blade-like hooks, a pair of 
cuticular lists, and three pairs of reduced hooks, all 
arranged on a conclal protuberance. 
33. Acanthors in the presence of crushed amphipod juices 
move actively, even though still contained within their 
surrounding membranes. This activity suggests the 
presence of body muscles or contractile fibers. 
34. Nuclear primordia of the proboscis and ganglion, and of 
the genitalia may be distinguished within the inner 
nuclear mass of the acanthor. Cortical nuclei are also 
derived from this inner nuclear mass. 
35. Eggs of C^. constrictum hatch in the mid or hind gut of 
H. azteca 2 to 24 hours post-exposure. Hatching results 
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from the action of digestive enzymes secreted by the 
fore gut, and by mechanical action of the gastric mill. 
Complete artificial hatching of C. constrictum acanthors 
was not accomplished, although partial uncoiling of the 
fibrillar membrane and destruction of the outer membrane 
resulted from the application of coverslip pressure. 
Complete penetration of the intermediate host's intes­
tinal wall usually occurs 24 to 48 hours after ingestion 
of eggs. Characteristic orange acanthellae appear free 
within the haemocoel 3 to 6 days post-infection. The 
acanthor does not remain within tissues of the intes­
tinal wall nor does it attach to the outer surface of 
the intestine. 
Embryonic hooks of acanthellae persist until about 12 
days development, and are then apparently resorbed into 
the body of the larva. Retention of embryonic hooks 
until days 12 makes it possible to determine that the 
anterior end of the acanthor differs from that of the 
adult. 
Development of the acanthella of C. constrictum occurs 
from day 3 to about day 34. During this time, all 
major structures and organs of the adult worm are dif­
ferentiated. 
Although the proboscis primordium is first inverted, 
eversion occurs on day 32 when the four proboscis nuclei 
and four apical nuclei are carried forward. Reinversion 
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of the proboscis occurs about day 37* at the time of 
inversion of the entire forebody and hindbody into the 
trunk. 
40. Eruption of the proboscis hooks occurs after inversion 
of the proboscis on day 37, and development is completed 
within the juvenile. 
41. Approximately 18 cortical nuclei are present. A single 
anterior cortical nucleus gives rise to 7 nuclei of 
the apical organ, and a single posterior cortical nucleus 
divides to yield 11 nuclei which form either the vagina 
of females or the protrusible bell of the bursa in males. 
Eight cortical nuclei form a lemniscar ring which 
surrounds the proboscis primordium. These nuclei later 
fragment and enter the developing lemnisci. The remain­
ing 8 cortical nuclei become definitive epidermal 
nuclei, and fragment within the epidermis during the 
late acanthella stages. 
42. In male acanthellae, major reproductive structures are 
clearly visible by 21 days development. In females, 
genital primordia begin to differentiate on day 22 when 
all structures except the ovary may be distinguished. 
Development of this structure occurs during the juvenile 
stage. 
43. Anterior and genital cutlcular spines begin differen­
tiation within the cortex of the acanthella, and are 
not completely formed until the juvenile stage. Genital 
l4l 
spines of males are more numerous, more regularly 
arranged, better developed, and more highly specialized 
than are genital spines of females. The presence of 
genital opines serves as a useful diagnostic criterion 
for members of the genus Corynosoma. 
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Abbreviations Used 
a acanthella i intestine 
an apical nucleus inm inner nuclear mass 
ao apical organ J juvenile 
at anterior 1 lemniscus 
bb bursal bell In lemniscar nucleus 
bm bursal muscle la lacunar system 
bp bursal pouch Im ligament-musele 
c cortex m muscle 
ca caecum mc macromere 
cb copulatory bursa n neck 
cc copulatory cap nn neck retractor nucleus 
eg cement gland nr neck retractor 
cm circular muscle o ovary 
cn cortical nucleus ob ovarian balls 
d dorsal blood vessel om outer membrane 
eh embryonic hooks P penis 
fm fibrillar membrane PP penis papilla 
g nerve ganglion pb proboscis 
gl genital ligament pbh proboscis hooks 
gs genital spine pn proboscis nuclei 
gsh genital sheath pr proboscis retractor 
gt genital organs ps proboscis sheath 
h 
hs 
haemocoel 
hyaline sheath 
psn proboscis sheath 
nucleus 
172 
psr proboscis sheath 
retractor 
sv seminal vesicle 
t testis 
pt posterior 
u uterus 
r retinaculum 
ub uterine bell 
s shell 
uc uncinogenous bands 
sd sperm duct 
V vagina 
sp Saefftigen's pouch 
Small letters were used to indicate primordia of 
organs and structures in developmental stages, whereas 
capital letters were used to indicate these structures in 
adult worms. 
All scales given in photographs and drawings are in 
millimeters unless otherwise indicated. 
Plate 1 
Figure 1. Immature male Corynosoma constrlctum ['rom 
laboratory-reared mallard. Anas p. platyrhynchos. 
67 X 
Figure 2. 23-day-old female C. constrlctum from laboratory-
reared mallard. Note reproductive structures. 
43 X 
Figure 3. 30-day-old mature maie C. constrlctum from 
laboratory-reared mallard. Note reproductive 
system and genital spines. 64 X 
Figure 4. Mature male C. constrlctum from 10-day infection 
in blue-winged teal Anas discors. Note everted 
bursa copulatrlx. 42.5 X 
Figure 5. Proboscis hooks of C^. constrlctum. 
scale in Figure 5c. 
Drawing to 
a. Apical 
b. Middle 
c. Basal 
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Plate 2 
Figure 6. Mature male C. constrictum from Juvenile ruddy 
duck (Oxyura j. rubIda) 34 X 
Figure 7. Immature male C. constrictum from Sora rail 
( Porzana Carolina")! 34 X 
Figure 8. Mature male C. constrlctum from juvenile wood 
duck (Aix sponsa). 34 X 
Figure 9. Adult male C. constrlctum from 6-week-old blue-
winged teal (Anas dlscors) 134 X 
Figure 10. Mature male C. constrictum from 30-day-old 
mallard (Anas p. platyrhynchos). Note abundance 
of genital spines. Photograph to scale shown 
in Figure 10. 
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Plate 3 
Figures 11 and 12. Cross sections through genital region 
of adult male C. constrlctum. Photographs to 
- scale shown in Figure 11. 
Figure 11. Note genital spines, bursal muscles, 
and sperm duct. 
Figure 12. Note bursal pouches and penis 
papilla. 
Figure 13. Young female C. constrlctum from 3-week-old 
blue-winged teal (Anas dlscors). Note paucity 
of genital spines. 
Figure l4. Mature female C. constrlctum showing numerous 
genital spines prior to loss of copulatory cap. 
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Plate 4 
Figures 15 thru l8. Development of acanthor of C. constrictum. 
Ail figures drawn to same scale as that shown in 
Figure 18. 
Figure 15. 
Figure 16. 
Figure 17. 
Figure 18. 
First cleavage division. Note unequal 
division of macromeres. 
Later stage showing development of 
shell. 
Developing egg showing polar elongations 
or knobs of shell. Note fibrillar 
membrane. 
Fully-embryonated egg containing infec­
tive acanthor. Note inner nuclear 
mass. 
Figure 19. Cross section through amphipod (Hyalella azteca) 
containing 6-day-old acanthella within haemocoel. 
Figure drawn to scale shown in Figure 19. 
Figure 20. Oblique section of 12-day-old acanthella. Note 
embryonic hooks and apical nuclei. Figure drawn 
to scale shown in Figure 20. 
180 
Kr'-'r:; 
M 
10^ 
Figure 21. 
Plate 5 
Living H. azteca containing 6-day-old 
acanthella of C. constrictum. Note character­
istic early pigmentation. Photographs to same 
scale as that shown in Figure 22. 
Figure 22. 20-day-old acanthellae of C. constrictum 
removed from haemocoel of H, azteca. Note 
banding of pigment in nucleated regions. 
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Plate 6 
Figure 23. Living H. azteca containing 32-day-old experi­
mental acanthella of C^. constrictum. Note 
banding of pigment. Photographs to same scale 
as that shown in Figure 22. 
Figure 24. Infective juvenile of C. constrictum within 
living H. azteca, 48-days development. Note 
bright orange color of parasite. 

Plate 7 
Figure 25. Juvenile C. constrictum within haemocoel of 
amphipod H. azteca. Evagination of proboscis, 
neck, and fore trunk resulting from coverslip 
pressure. Photographs to same scale as that shown 
in Figure 25. 
Figure 26. 
Figure 27. 
Hyalella azteca showing infective juvenile of 
£. constrictum in situ. Note hyaline sheath. 
Longitudinal section through H. azteca showing 
two mature Juveniles situ. Note invaginated 
anterior and posterior ends of Juveniles. 
9SI 
Plate 8 
Figure 28. Longitudinal section through posterior abdominal region of H, azteca 
showing Juvenile In situ within haemocoel. Figure drawn to scale 
shown In Figure 2^7 
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Plate 9 
Figure 29. Cross section through abdominal region of H. 
azteca illustrating multiple infection of 
6-day-old acanthellae of C^. constrictum. 
Note proboscis, ganglion, and genital primordia. 
Photographs to scale shown in Figure 29. 
Figures 30 and 31. Cross section 12-day-old C. constrictum 
acanthellae within haemocoel of H. azteca. 
Photographs to scale shown in Figure 30. 
Figure 30. Note primordia of proboscis sheath, 
neck retractors, lemnlsci, and 
apical nuclei. 
Figure 31. Note retractors of neck and 
proboscis sheath, and lemniscar 
primordia. 
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Plate 10 
Figures 32 thru 35. Longitudinal sections through 12-day-
old C. constrlctum acanthellae within haemocoel 
of H. azteca. Photographs to scale In Figure 32. 
Figure 32. 
Figure 33. 
Figure 34. 
Figure 35. 
Note region of developing proboscis 
and ganglion. 
Note apical nuclei and proboscis 
sheath nucleus. 
Note ligament-muscle prlmordlum and 
genital anlagen. 
Note apical organ prlmordlum, 
proboscis sheath, lemnlscar buds, 
and unclnogenous bands. 
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Plate 11 
Figures 36 thru 39- Longitudinal sections through 21-day-
old male C. constrictum within haemocoel of H. 
azteca. Photographs to scale in Figure 36. 
Figure 36. 
Figure 37. 
Figure 38. 
Figure 39. 
Section through region of proboscis. 
Note nuclei of apical organ, 
retinaculum, and neck retractor 
nuclei. 
Note apical nuclei and apical organ 
in proboscis region. Note cement 
gland-sperm duct complex in genital 
region. 
Note giant cortical nuclei and 
nuclei of protrusible bursa bell. 
Note genital ligament, testes, cement 
glands, bursal muscles, and copulatory 
bursa. 

Plate 12 
Figures 40 thru 43. Cross section through genital region 
of male acanthellae of C. constrictum within 
haemocoel of H. azteca 21 days post-infection. 
Figure 40, 
Figure 4l. 
Figure 42, 
Figure 43. 
Slightly oblique section. Note 
cement gland and muscle primordia. 
Photograph to scale in Figure 40. 
Note cement glands surrounding sperm 
duct. Photograph to scale in Figure 
40. 
Cement glands surrounding sperm duct. 
Note appearance of bursal pouch 
primordia. Photograph to sc&le in 
Figure 42. 
Note bursal pouch, sperm duct, and 
penis primordia. Photograph to scale 
in Figure 42. 

Plate 13 
Figures 44 thru 46. Cross sections through 27-day-old 
acanthellae within haemocoel of H. azteca. 
All photographs to scale in Figure 44. 
Figure 44. Section through developing proboscis. 
Note hook primordia. 
Figure 45. Section as above, slightly posterior, 
Note lemniscar and proboscis nuclei, 
and neck retractors. 
Figure 46. Section through genital region. Note 
sperm duct and seminal vesicle. 
198 
Plate 14 
Figures 4? and 48. Longitudinal section through 27-day-
old male C. constrictum acanthellae. Photographs 
to scale shown In Figure 4?. 
Figure 47. Note developing genitalia. 
Figure 48. Note proboscis region. 

Plate 15 
Figures 49 and 50. Longitudinal sections through 32-day-
old female acanthellae of C. constrictum. 
Photographs to scale shown in Figure 49. 
Figure 49. Note everting proboscis. 
Figure 50. Note reproductive structures. 
Figure 51. Longitudinal section through genital region of 
32-day-old male acanthella of C. constrictum. 
Note genital sheath and enclosed reproductive 
structures. 
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Plate 16 
Figures 52 thru 55. Longitudinal sections through 36-day-old male acanthella of 
C. constrictum. All photographs to scale shown in Figure 52. 
Figure 52. Note apical nuclei and lemnisci. 
Figure 53. Note proboscis retractors, proboscis nuclei, and hook 
primordia. 
Figure 54. Section through base of proboscis sheath. Note genital 
ligament and lacunar canals. 
Figure 55. Section through genital ligament of male. Note testes. 

